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SUMMARY 
This thesis describes a study of the population processes 
operating in estuarine littoral nematodes in New South Wales on three 
widely different spatial scales over one year. Data from extensive 
surveys of nematodes in three estuaries were investigated using factor 
and cluster analyses to assess the relative importance of the differ-
ences in population characteristics between the different estuaries, 
between different sites within an estuary and between different samples 
at the same site. The importance of deterministic and stochastic 
processes in controlling population characteristics on each scale was 
also assessed according to whether there were any patterns in the 
populations which were related to environmental factors. The operation 
of these processes was further investigated in a simple laboratory 
system. 
_No single scale of change in population characteristics was 
overwhelmingly important, nor were the populations controlled 
predominantly by either deterministic processes. Rather, the total 
variation in population characteristics was partitioned as follows. 
* About 35% was due to stochastic variation on the small scale 
within each site. Patterns of dispersion and dispersal in 
laboratory populations was consistent with this. 
* About 50% of population variability was due to deterministic 
patterns among the sites on the medium scale. The most 
important patterns were caused by the grain size and redox 
potential of the sediment and the distribution of surface 
algae. These factors affected the relative abundance of three 
major groups of species. Both field and laboratory data 
indicated that these factors influence the density of at least 
some species directly, and not through interspecific 
competition. 
X 
* About 5% of population variability was due to large scale 
changes between the different estuaries but the nature of this 
change could not be ascertained. 
* About 23% of population variability was due to changes over 
time. 8% of this was unifonn change over all the sites and 
15% was change which was different at each site (also included 
in the variation allocated to mediLDTI scale change). Whether 
the temporal change was repeatable seasonal change or 
otherwise could not be ascertained. 
This allocation of variability in population characteristics has 
considerable implications for ecological theory, the biology of estuarine 
nematodes and future study on these animals, which are discussed. The 
utility of the statistical approaches used in this study is also discussed. 
1 
CHAPTER 1 
INTRODUCTION 
1.1 INTRODUCTION 
Although not visually obvious, many very small metazoan animals 
live in marine and estuarine sediments. Collectively termed the meio-
fauna these animals will pass through a 2.0 ITl11 mesh sieve yet include a 
bewildering array of different phyla and species. Members of the meio-
fauna may be small and obscure but there are such enormous numbers of 
them in every square metre of sediment that they are important to many 
ecosystems in recycling nutrients and providing significant links near 
the base of many food chains. Meiofaunal populations in estuaries are 
particularly important because of the many conflicting human uses of 
estuaries for waste disposal, industry, fisheries and recreation. Yet 
very little is known about the meiofauna generally and almost nothing of 
the meiofauna in Australia. 
Nematodes dominate the meiofauna in number of individual animals 
and number of species. However only a limited number of studies have 
described estuarine littoral nematode populations and none have attempted 
a comprehensive coverage of the different agents affecting the nematode 
populations and how they operate. Thus, although the effects of various 
environmental components and interspecific competition have been 
separately emphasised, the relative effect of each on nematode popula-
tions is unknown and the effects of randan variation and predation have 
been largely ignored. Changes in nematode populations over time and 
over different scales of space have also received scant attention. 
Hence this study examines three estuarine littoral nematode populations 
to determine the relative importance of different ecological agents and 
processes in controlling some of the characteristics of nematode popula-
tions in space and time, and the scales on which these processes operate. 
2 
1. 2 DEFINITION OF TERMS 
In community ecology, many different terms have been used to 
describe the same population characteristics and some terms have differ-
ent meanings to different authors. As there is no standard nomenclature, 
the terminology used throughout this thesis is presented below. 
Tenn 
{species) composition 
{population) structure 
(species) density 
nematode 2 density 
total S 
population parameters 
characteristics 
relative abundance 
assemb 1 age 7 
population) 
distribution 
1.3 ECOLOGICAL THEORY 
Usage 
which species are present 
statistical distribution of animals 
amon~ species irrespective of 
species identities. 
density of one species 
density of all species 
all the above 
proportion of total population of 
one species. 
any group of species occuring 
together 
spatial pattern of occurrence 
Two general mechanisms are capable of regulating the organisation 
of biotic communities. Termed deterministic and stochastic processes 
(sensu Grossman 1982 and Sale 1977), they operate very differently and 
have wide implications for the biology of the organisms involved (Connell 
1978; Sale 1977, 1979, 1980; Sousa 1979a). 
When species assemblages are regulated by deterministic 
processes, the presence and relative abundance of species is determined 
by the biotic and/or abiotic environment. Consequently, where biotic 
succession occurs the population parameters of the assemblage at any 
time are predictable from a knowledge of the species composition and 
3 
population structure at the preceding time. Alternatively, the popula-
tion characteristics may be predictable from a knowledge of the precise 
conditions at, and history of, an area. 
In communities regulated by deterministic processes the pattern 
of occurrence of any species may be maintained in four ways. First, 
coexisting species may partition a single limiting resource and regulate 
density through interspecific competition (Schoener 1974b). Second, the 
occurrences of a species may be limited by physiologically unfavourable 
environmental conditions (Terbourgh 1971). Third, many species may 
intercompete for different resources so that each species is competi-
tively dominant for some resources but inferior for others (Buss and 
Jackson 1979; Kastendiek 1982). Fourth, selective predation may regulate 
the pattern of occurrence of certain species and facilitate the 
coexistence of competitive inferiors which would otherwise be excluded 
by competition (Connell 1975; Glasser 1979; Harper 1969; Paine 1966; 
Roughgarden 1974; Roughgarden and Feldman 1975). Despite some minor 
criticism (eg Abrams 1977), deterministic processes have been widely 
recognised for a long time as capable of regulating animal populations, 
although under different names (Lotka 1932; Nicholson 1933, 1954; 
Volterra 1926). 
Recognition that stochastic processes may operate in animal 
populations is more recent (Andrewartha and Birch 1954). In species 
assemblages regulated by stochastic processes, where a species occurs, 
and which species occur together are not predictable because random 
variations in resource availability and/or physical disturbance of the 
environment continually change the distribution of species (Andrewartha 
and Birch 1954; Chesson and Warner 1981; Connell 1975; Horn and 
MacArthur 1972; Levins and Culver 1971; Lewontin 1969; Slatkin 1974). 
Hence the population characteristics at any place or time cannot be 
predicted a pPior>i (Connell 1978; Grossman 1982; Levin 1974; Levin and 
..... 
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Paine 1976; Sale 1975, 1979; Sousa 1979a). Biological interactions are 
not important and two species may be perfect competitors without one 
competively excluding the other (Huston 1979; Sale 1975, 1977). 
Many studies have cited the exclusive operation of either deter-
ministic or stochastic processes. However, there appears no general 
association of either process with the type of animals being considered, 
their sizes or the environments in which they are found. The influence 
of stochastic processes has been emphasised by many authors in the con-
trol of various population parameters. Many small organisms and marine 
animals are involved (Table 1.1). However, deterministic processes have 
been emphasised for other small organisms and other marine assemblages 
(Table 1.2). Even though deterministic processes are almost always 
cited in terrestrial vertebrates (Brown and Lieberman 1973; Cody 1968; 
Diamond 1975; Jaeger 1971; Pianka 1976; Pulliam 1975; Schoener 1974a), 
there ar~ still exceptions (Connor and Simberloff 1979). All four 
theoretical mechanisms of deterministic processes have been observed in 
field populations. The various forms of interspecific competition are 
emphasised most often but predation and the environment sometimes have 
important effects (Table 1.3). Different mechanisms determine the 
population structure of very similar organisms in some cases but in many 
cases all three mechanisms are involved (Table 1.3). 
Which of these two processes controls the structure of a par-
ticular population may be related to the rate of unpredictable changes 
in the environment (Grossman 1982; Huston 1979; Osman 1977; Sousa 1979a; 
Yodzis 1982). Others disagree (Eagle 1975; Sanders 1968) and a few 
workers doubt the existence of any unifying pattern (Eagle and Hardiman 
1977). However , each process has been implicated exclusively in coral 
reef fish; stochastic processes by Sale {1977), Sale and Dybdahl {1975) 
and Talbot, Russell and Anderson {1978); deterministic processes by 
Anderson, Ehlich, Ehlich, Roughgarden, Russell and Talbot (1981) and 
Roughgarden (1974). Observations on other assemblages, however suggest 
5 
TABLE 1.1 Organisms on which Stochast ic Processes Operate 
Organisms 
Diatoms 
Protozoa 
Small Metazoa 
Fouling Organisms 
Sessile Hard-substrate 
Macrofauna 
Soft-substrate Macrofauna 
Sub- l i ttora l E pi phytes 
Sand-bar ropepods 
Epizoic organisms on Corals 
Reference( s) 
Patrick 1967 
Cairns, Plafkin, Kaesler and Lowe 1983; 
Cairns, Ruthven and Kaesler 1972; Dickson 
and Cairns 1972; Kaesler and Cairns 1969, 
1972. 
Dickson and Cairns 1972 
Fager 1977 
Dayton 1971, 1973; Sousa 1979b; Woodin 1978; 
Boesch, Wass and Virnstein 1976; Davis 
and Van Blaricom 1978; Keough 1983; 
Osman 1977; Sutherland and Karlson 1977 
Fletcher and Day 1983 
Hockin and Ollason 1981 
Jackson 1977 
TABLE l.2 Organisms on which Deterministic Processes Operate 
Organisms 
Tide Pool Fi sh 
Coral Reef Molluscs 
Hard-substrate Macrofauna 
Soft-substrate Macrofauna 
Arnphi pods 
Reference(s) 
Grossman 1982 
Kohn 1959, 1968, 1971 
Lubchenko 1980; Menge 1976 
Kent 1983; Rex 1977 
Fenchel and Kolding 1979; Van Oolah 1978 
pl-
~ 
TABLE 1. 3 
Mechanism 
Interspecific 
Competition 
Predation 
Environment 
All the above 
Reports of Deterministic Mechanisms 
Organism(s) 
Cave communities 
Birds 
Benthic macrofauna 
Corals 
Lizards 
Crabs 
Forest trees 
Benthic macrofauna 
Rocky intertidal 
communities 
Corals 
Amphipods 
Crabs 
Amphipods 
Corals 
Marine gastropods 
Encrusting organisms 
Intertidal algae 
Rock i ntert i da l 
community 
Salt marsh macrofauna 
Reference 
Culver 1970 
Karr 1971; Orians and Horn 1969 
Kastendiek 1982; Peterson 1975; Rainer 1981; 
Rex 1977; Van Blaricom 1982; Woodin 1974 
Lang 1973; Porter 1972b 
Pianka 1967, 1969, 1971; Schoener 1968 
Vance 1972 
Janzen 1970 
Levinton and Stewart 1982; Virnstein 1977 
Paine 1971 
Porter 1972a 
Kneib 1982 
Taylor 1982 
Fenchel and Kolding 1979; Van Dolah 1978 
Day 1977; Porter 1974 
Kent 1983 
Jackson and Winston 1982 
Lubchenko 1980 
Menge 1976; Paine 1966 
Vince, Valiela, Backus and Teal 1976 
_JI 
CJ) 
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a solution to this conflict: both detenninistic and stochastic processes 
operate on many populations to varying degrees (Table 1.4). Hence the 
relative importance of each process remains a pressing question in 
community ecology (Connell 1978; Grossman 1982; Sousa 1979a). 
Many of the studies with conflicting results, however, consider 
different population sizes and areas. The different scales studies may 
account for some of the conflict (Anderson et al. 1981), but the 
influence of scale remains largely ignored. 
1.4 ECOLOGY OF ESTUARINE NEMATODES 
Meiofauna generally and nematodes in particular are ideal 
organisms on which to study the mechanisms of community organisation. 
Nematodes generally reproduce relatively rapidly and live in diverse 
assemblages within a complex multi-level environmental mosaic. These 
features make estuarine littoral nematode populations a microcosm of 
much larger and more complex communities which function over much larger 
areas and longer times. However, the specialised skills required for 
observation and manipulation, and the proportionally greater time 
required for identification of such small organisms has limited both the 
number and range of ecological studies on nematodes. So, although 
neither deterministic nor stochastic processes have been directly inves-
tigated in nematodes, many isolated and independent observations suggest 
the operation of one process or the other. Many different marine 
nematode communities are considered in the following review because the~e 
is very little infonnation available on estuarine littoral nematodes. 
TABLE 1.4 Observations of both Determinist ic and Stochastic 
Processes 
Organisms 
Barnacles 
Coral Reef Communities 
Corals 
Polychaetes 
Molluscs 
Rocky Intertidal Communities 
Encrusting Organisms on 
Boulders 
References 
Conne 11 1961, 1970 
Connell 1978 
Glyn 1976; Loya 1976 
Dauer & Simon 1976 
Jackson 1972 
Lubchenko & Menge 1978; Osman 1977 
Sousa 1979a, b 
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1.4.1 Detenninistic Processes 
a) Envir>onment 
9 
Many components of the environment influence various nematode 
populations but they often work by different mechanisms and operate on 
different scales of space and time. Different components seem to 
influence different population parameters and some affect only certain 
nematode species; the effects of others are inconclusive or contradictory. 
Much controversy surrounds the effect of pollution on nematode 
populations (Coull, Hicks and Wells 1981; Raffaelli 1981; Raffaelli and 
Mason 1981; Warwick 1981b). Pollutants have been claimed to increase 
nematode density (Mclachlan, Winter and Botha 1977; Van Es, Van Arkel, 
Bouwnan and Schroder 1980; Wonnald and Stirling 1979), decrease density 
(Amjad and Gray 1983; Coull and Wells 1981; Read, Anderson, Matthews, 
Watson, Halliday and Sheils 1983; Rutzler and Sterrer 1970; Wonnald 
1976) and_have no effect on nematode density (Boucher 1980; Gray 1971; 
Marcott and Coull 1974; Tietjen 1980b; Vidacovic 1983). Claims that 
pollution affects species composition and diversity by some (Giere 1979; 
Gray 1981; Heip and Decraemer 1974; Shaw, Lambshead and Platt 1983; 
Tietjen 1980b) are disputed by others (Tietjen 1977). Although some 
pollutants may directly affect nematode physiology (Howell 1983), all 
these conflicting observations may also be explained by changes in other 
components of the environment caused by pollution, for example nutrient 
availability (Wonnald 1976) or redox potential (Giere 1979) (see below). 
Temperature may influence nematode distribution by affecting 
population growth rate and generation time (Gerlach and Schrage 1971; 
Heip, Smol and Absillis 1978; Hopper, Fell and Cephalu 1973; Tietjen and 
Lee 1972; Tietjen, Lee, Rullman, Greengart and Trompeter 1970; Warwick 
1981a), reproductive potential (Heip et aZ. 1978; Hopper and Meyers 
1966; Tietjen and Lee 1972, 1977a; Tietjen et aZ. 1970; Warwick 1981a) 
and metabolic rate (Price and Warwick 1980; Wieser and Schiemer 1977). 
However, it is probably only of importance to the distribution of 
estuarine littoral nematodes on a global scale or during periods of 
drought or exceptional temperature extremes (Tietjen and Lee 1977a). 
10 
On a smaller scale, within single estuaries salinity has been 
implicated in controlling nematode distributions (Capstick 1959; Warwick 
1971) and density (Van Es et al. 1980) but the only experimentally 
demonstrated effect on nematode populations is one similar to that of 
temperature on reproduction and growth (Tietjen and Lee 1972, 1977a; 
Tietjen et al. 1970; Warwick 1981a). However only some species are 
affected (Ott and Schiemer 1973) and mortality only occurs at very 
extreme salinities (Tietjen and Lee 1977a). Also many other environ-
mental factors change concurrently with salinity as one heads inland from 
a river mouth. Among these factors are microbial populations (Ubben and 
Hansen 1980) and the grain size distribution of the sediment. 
Indeed, grain size characteristics are very frequently and 
independently associated with nematode density (Maguire 1977), diversity 
(Heip and Decraemer 1974; Hopper and Meyers 1967a; Wieser 1960) and 
species distributions (Glemarec and Menesguen 1980; Tietjen 1977; 
Vitiello 1970; Ward 1973, 1975; Warwick 1971; Warwick and Buchanan 1970; 
Willems, Vincx, Claeys, Vanosmael and Heip 1982; Wieser 1960) but any 
such relationship is apparently not universal (Vidacovic 1983). Grain 
size may affect nematodes directly by the space available between 
sediment particles (Aller and Yingst 1978; Nicholas 1984; Tietjen 1977; 
Wieser 1960) or indirectly by some other factor related to grain size 
such as moisture content (Jansson 1967; Rees 1940), hydrodynamic regime 
(Rees 1940) or amount or type of food available (Van Es 2.t al. 1980; 
Ward 1975). Among these, water movement (Boaden 1968), water content 
(Glemarec and Menesguen 1980; Warwick 1971) and detrital quality (Warwick 
1971) have all been independently associated with nematode distributions. 
.... 
11 
The amount of oxygen available in a sediment may also be associ-
ated with grain size and it too may affect the distribution of nematode 
species. However, changes in vertical profiles of total nematode density 
have been emphasised rather than horizontal changes (Aller and Yingst 
1978; Boaden 1977; Ott and Schiemer 1973; Sikora and Sikora 1982). The 
vertical distribution of some species is also affected (Fenchel and Reidl 
1970; Kemp, Wetzel, Boynton, D'Elia and Stevenson 1981; Maguire 1977; 
Ott and Schiemer 1973; Teal and Wieser 1966; Tietjen 1969; Wieser and 
Schiemer 1977; Wieser, Ott, Schiemer and Gnaiger 1974). Some nematode 
migrations may be related to oxygen potential (Boaden and Platt 1971; 
Rieger and Ott 1971) although oxygen availability may have no effect on 
certain species that can live without oxygen for considerable periods 
(Boaden 1977; Teal and Wieser 1966). Nevertheless, oxygen availability 
may affect the horizontal distribution of nematodes either directly 
(Chandler and Fleeger 1983; Glemarec and Menesguen 1980) or through its 
associati9n with tracheophyte root density (Osenga and Coull 1983). Lack 
of oxygen may also affect nematode density by affecting the hatching of 
nematode eggs or by causing defaunation of areas of anoxic mud (Coull 
1969; Sherman and Coull 1980). However, there are many other chemical 
reactions within littoral sediments which are related to oxygen levels 
(Mclachlan 1978; Patrick and Delaune 1977) and furthermore oxygen levels 
are influenced by other factors as well, such as macrofaunal burrows 
(Aller and Yingst 1978), which superimprose an ephemeral small scale 
mosaic over any permanent large scale pattern in oxygen levels. 
Many environmental factors may influence nematode populations 
over small areas and brief intervals. Meiofaunal nematodes are preyed 
on by a variety of macrofaunal invertebrates (Bell 1980; Bell and 
Coull 1978; Bilio 1967; Coull 1973; Platt 1981; Platt and Warwick 1980) 
and juvenile fish (Cain and Dean 1975; Fleeger 1980; Lassere, Renaud-
Mornant and Castel 1976; Odum 1970). However in the absence of any 
direct evidence it is uncertain whether nematodes form a major part of 
macrofaunal diets (Platt and Warwick 1980) or only a small part of the 
....... 
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diet (Gerlach and Schrage 1969; Hylleberg 1975; McIntyre 1969; Platt and 
Warwick 1980; Reise 1979; Warwick and Price 1975). Macrofaunal predation 
may sometimes regulate total nematode density (Bell 1980; Bell and Coull 
1978; McIntyre 1968) and distribution (Rees 1940), but this is not 
always observed (Fleeger, Whipple and Cook 1982) since meiofaunal nema-
todes may also compete with juvenile macrofauna for food (Fauchauld and 
Jumars 1979; Fenchel 1970; McIntyre 1964; McIntyre and Murison 1973; 
Thorson 1966 but af Gerlach 1978 for a counter opinion). Macrofaunal 
tubes and burrows also affect nematode density (Findlay 1981; Lee, 
Tietjen, Mastropaolo and Rubin 1977; Reise 1983; Teal and Wieser 1966) 
and distribution (Aller and Yingst 1978; Bell, Watzin and Coull 1978; 
Eckman 1979; Findlay 1981). However, their effect on nematode density 
is localised and ephemeral, and the real causes are microbial food 
organisms (Aller and Yingst 1978; Teal and Wieser 1966) and oxygen 
potentials (see above). 
Food itself may directly affect the distribution of nematodes in 
three ways. First, different food types can support different population 
densities of certain species and can also affect reproduction (Findlay 
1982). Second, some nematode species will only feed on certain foods 
(Gerlach 1978; Heip and Decaemer 1974; Lee et al. 1977; Tietjen and Lee 
1977b). Other species are less selective and feed on a wider range of 
foods, but all are still fairly restricted in diet by buccal morphology 
(Alongi and Tietjen 1980; Boaden 1964; Boucher 1973; Deutch 1978; 
Tietjen and Lee 1977b; Wieser 1952, 1959, 1960). Third, nematodes may 
migrate toward certain food sources such as fungi (Hopper and Meyers 
1966, 1967b; Meyers and Hopper 1973; Meyers, Hopper and Cefalu 1970), 
decaying fish (Gerlach 1977b), decomposing macrophytes (Hopper and Meyers 
1967a; Koop, Newell and Lucas 1981) and mangrove leaves (Odum and Heald 
1972). As expected from these observations, food is an important 
influence on the distribution of many individual nematode species 
(Findlay 1981; Hogue and Miller 1981; Warwick 1977). Total nematode 
density is also influenced by a number of features associated with the 
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amount of food in the sediment; carbon input (Chamroux, Boucher and 
Bodin 1979; Montagna and Ruber 1980; Wormald and Stirling 1979), carbon 
content (Glemarec and Menesguen 1980; Teal and Wieser 1966; Warwick 
1971), nitrogen content (Mclachlan et al. 1977), density of overlying 
tracheophyte vegetation and chlorophyll A distribution (Fleeger et al. 
1982). Despite these observations the power of food in controlling the 
characteristics of the total population is not known (Lee et al. 1977). 
However, it is likely that food distribution has an important influence 
because many potential food organisms and substrates are distributed in 
strongly ephemeral patches (for example, mangrove leaves (Albright 1976; 
Odum and Heald 1975) and their associated micro-organisms (Cundell, 
Brown, Stanford and Mitchell 1979), epipelic algae (Baillie and Welsh 
1980), bacteria (Fehon and Oliver 1979; Rublee 1981) and free amino acids 
(Gardner and Hansen 1979)). 
b) Comp§tition 
Nematodes are relatively simple animals, limited in their possi-
bilities to specialise on particular types of food by musculo-skeletal 
constraints. Hence many authors suspect interspecific competition to be 
important in nematode ecology because many species are thought to have 
overlapping food ranges. Both Wieser (1960) and Hopper and Meyers (1967a) 
inferred that competitive exclusion resulted in fewer nematode species 
occurring in homogeneous environments than in heterogeneous environments. 
However, competition may be more important among certain ecological 
groups of nematodes than others. For example, nematodes which suck fine 
food particles fran suspension (deposit feeders) are less selective when 
feeding than those nematodes feeding by different means (Tietjen and Lee 
1977b) and hence Tietjen (1977) inferred that intense competition for 
food particles of certain sizes amongst deposit feeders causes the 
numerical dominance of only a few species and low diversity which is 
typical of shallow marine muds (Boucher 1973; Heip and Decraemer 1974; 
Juario 1975; Tietjen 1976, 1977, 1980b; Warwick 1971; Warwick and 
Buchanan 1970; Wieser 1960). Similarly, lack of competition has been 
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invoked to explain nematode conununities with low dominance and high 
diversity in mixed sediments (where food is more heterogeneous (Alongi 
and Tietjen 1980) and in the deep sea (where food is so scarce that 
nematodes must be so highly specialised to feed (Alongi and Tietjen 
1980; Tietjen 1977)). Experimentally, competition between two species 
of deposit feeding nematodes decreased the population growth of both when 
together in laboratory populations compared with monospecific popula-
tions (Alongi and Tietjen 1980). Significantly, however, an algal 
feeding nematode did not compete with either of the deposit feeders, 
indicating that other factors are also likely to be important in 
controlling nematode population parameters in the laboratory. The 
relevance of these experiments to the field situation is uncertain. 
c) PPedation 
Very little is known about predation on meiofaunal nematodes, 
but the available evidence suggests that selective predation is not 
likely to be particularly important in controlling the characteristics 
of nematode populations. Although many macrofauna and some fish may 
ingest nematodes, they are unlikely to select any particular species 
(Platt and Warwick 1980). Predators nearer in size to their nematode 
prey, such as small decapod and copepod crustacea (Platt and Warwick 
1980), immature stages of annelids (Perkins 1958), turbellarians (Bilio 
1967), hydroids (Heip and Smol 1976) and predaceous nematodes (Nicholas 
1984), may feed more selectively, but almost nothing definitive is known 
of these interactions. 
1.4.2 Stochastic Processes 
Stochastic processes have not been directly demonstrated to act 
on estuarine nematode populations. However, some of the features 
associated with populations controlled by stochastic processes have been 
observed in estuarine nematode populations and their environments. 
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The sedimentary environment of nematodes is very patchy and 
fluctuates considerably (Boesch, Wass and Virnstein 1976; Buchanan, 
Kingston and Sheader 1974; Coull and Fleeger 1977; Davis and Van 
Blaricom 1978; Dugan and Livingston 1982; Dyer 1981; Eagle and Hardiman 
1977; Goulter and Allaway 1979; Lewis and Platt 1981; Moll and Rohlf 
1981; Peterson 1975; Rublee 1981; Warwick 1981a; Woodroffe 1981). Hence, 
it is not surprising that dispersal has often been thought significant 
in nematode ecology (Boaden 1964, 1968; Chandler and Fleeger 1983; 
Gerlach 1977a; Hagerman and Rieger 1981; Jensen 1981; Rieger and Ott 
1971; Sherman and Coull 1980; Sibert 1981; Sterrer 1973; Surey-Gent 
1981). However, although some studies have found rapid and extensive 
dispersal (Giere 1979; Hagerman and Rieger 1981), others find dispersal 
slow and effective over only short distances (Chandler and Fleeger 1983; 
Sherman and Coull 1980) and some authors consider that extensive 
dispersal occurs only during abnormal storms (Gerlach 1977a). Opinion 
also diff~rs as to whether the colonising ability of nematodes is 
generally good (Bell 1979; Gerlach 1971; Hagerman and Rieger 1981; 
Warwick 1981b) or poor (Sterrer 1973; Swedmark 1964; Wieser and 
Kanwisher 1961). However some species have certainly been transported 
out of their normal intertidal habitats (Hagerman and Rieger 1981; 
Gerlach 1953) and species previously unknown or from quite different 
habitats have colonised defaunated sediment (Giere 1979) and artificial 
substrates (Lee et al. 1977). Population structure also changed 
substantially over time in a controlled experimental ecosystem (Chamroux 
et al. 1977a) and unpredictable and unexplainable yet very substantial 
changes in density occur frequently in field populations (Bell and Coull 
1978; Hagerman and Rieger 1981; Lee et al. 1977; Reise 1983; Yingst 
1978). All these observations indicate some unpredictability in 
estuarine nematode populations which is typically associated with 
stochastic processes. However, many other nematode populations have the 
very stable and predictable species compositions characteristic of 
communities controlled by deterministic processes (Boucher and Chamroux 
1976; Capstick 1959; Juario 1975; Warwick 1971; Warwick and Buchanan 
1971; Warwick and Price 1979). 
16 
1.5 STUDY OBJECTIVES 
This study aims to investigate the relative importance of the 
different general ecological processes and the scales on which they 
operate in estuarine littoral nematode populations. To do this a number 
of distinguishing characteristics of field and laboratory populations were 
investigated. Data from a very extensive field survey was statistically 
examined to clarify the operation of the ecological processes in actual 
field populations. Manipulations of laboratory populations were used to 
verify the actions of these processes and examine the exact method by 
which the populations were affected. 
Specifically this study examines: 
(i) the relative amounts of random variation {generated by 
stochastic processes) and deterministic pattern (generated 
by deterministic processes) in species composition and 
abundance in the field; 
(ii) the scale on which these processes operate by investigating 
the spatial distribution of stochastic variation and 
deterministic pattern; 
(iii) the cause of any deterministic pattern by investigating the 
number of distinct nematode communities and their distri-
bution in space and time; 
(iv) by what mechanism the causes generate a deterministic 
pattern, by using patterns of species coexistence and 
distribution across environmental boundaries in both 
laboratory and field populations; 
(v) whether the dispersal pattern of nematodes is suitable for 
the operation of stochastic processes. 
17 
Chapter 2 covers the general methods of these specific tasks while 
Chapter 3 deals generally with the relative importance of the differ-
ent ecological processes and the scales of population change. Chapters 4 
and 5 consider small scale changes and larger scale changes in more detail. 
Finally, Chapter 6 is a synthesis of all results and discussion of their 
broader ecological and nematological context. 
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CHAPTER 2 
MATERIAL AND METHODS 
2.1 SAMPLING DATA 
2.1.1 Study Area and Scales of Sampling 
Field data on the characteristics of nematode populations from 
estuarine littoral muds were statistically analysed over three different 
scales of sampling (Figure 2.1). The largest scale involved sampling at 
three hydrologically separate estuaries, at the Clyde River and Candlagan 
Creek on the NSW south coast, and at the Hunter River further north. The 
intermediate scale involved sampling at seven different areas (hereafter 
tenned 'sites') scattered around a single estuary, the Hunter. The 
smallest scale involved small replicate samples ('replicates') taken 
only 1 cm fran each other. These replicate samples were the basic unit 
of sampling: five replicates were taken at each of the seven sites in 
the Hunter_estuary and at single sites in the Clyde and Candlagan 
estuaries. The range of scales covered is considerable; from about 300 
km between the estuaries, to about 30 - 3000 m between the sites within 
a single estuary, and only about 1 cm between repl1cate samples within a 
single site. This is a range of seven orders of magnitude. 
Table 2.1 shows the environmental characteristics of all the 
sites in the Hunter estuary and the single sites in the Clyde and 
Candlagan estuaries. However, no comprehensive tabulation of the micro-
environmental characteristics of the small replicate samples is attempted 
because there are so many replicate samples and such a large variety of 
environmental components which may be of importance. These include the 
presence or absence of mangrove roots, pneumatophores, fallen leaves, 
pools of surface water or algal mats and all the other factors mentioned 
earlier (section 1.3). 
FIGURE 2 .1 STUDY AREA & SCALES OF SAMPLING 
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TABLE 2.1 Environmental conditions at study sites 
Site designation Location{Fig. 2.1) 
2 Fullerton Cove 
Hunter River 
3 Fullerton Cove, 
Hunter River 
4 Fullerton Cove, 
Hunter River 
6 Northern shor e , 
Kooragang Is. , 
Hunter River 
8 Southern shore, 
Kooragang Is . , 
Hunter River 
10 So uthern shore, 
Kooragang Is . , 
Hunter River 
11 So uthern shore, 
Kooragang Is. , 
Hunter River 
Ca Candlagan Creek 
Cl Clyde River 
Vegetation 
Lo wer limit of mangrove 
small scattered trees 
forest 
Middle of dense, tall mangrove 
forest, algae on mud surface 
50m from landward edge of dense 
ta 11 mangrove forest , some 
Snlicomia sp., algae on mud surface 
Sm from landward edge of small , de nse 
mangrove forest, many seedling s , 
some algae on mud surface 
Isolated clump of scattered mangroves, 
ta11 but sparsely foliate trees 
Dead and decaying mangrove stumps 
La rg e clump of scattered mangroves, 
trees of moderate height 
Middle of shrubby, sparse mangrove 
belt 
Middle of shrub by, sparse mangrove 
belt 
• - Scale of consiste ncy : very 
soft 
firm 
hard 
so f t - au thor sinks to thighs 
- author si nks to calf 
- author sinks a few cm 
- no noti ceab le sinking 
Di stance 
from low 
tide mark 
'"') 
2 
300 
700 
25 
35 
35 
45 
10 
5 
Elevation 
above 1 ow 
tid~ level ( ... )rr;A..1 R"'iic.. 
=I-$" ... ) 
0 . 0 
o. 4 
0. 5 
I. 2 
0. 4 
0. 4 
I. 2 
0 . 4 
0. 3 
Sediment 
Median grain 
size(,-. ... ) 
19 
31 
4 
220 
44 
44 
12 
228 
30 
Consistency• 
Very soft 
Fi rm 
Fi rm 
Hard 
Ha rd 
Soft 
Fi rm 
Hard 
Soft 
** - All mangrove forests studied were over wh elmingly 
dominated by AVirPnnia mal"ina {Forsk. )Vierh • . 
Similar mangrove forests in Sydney have been 
comprehensively des cri bed by Clarke and Hannon 
( 1967, 1969 ,1970,1971) . 
N 
0 
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2.1.2 Sampling Schedule and Techniques 
The sampling data came from two sources which used the same 
sampling technique but different apparatus. I collected the mud samples 
from the Hunter estuary whilst employed under a Marine Sciences and 
Technology Grant supervised by Dr W.L. Nicholas and Professor c. Bryant. 
Five replicate samples from each of the seven sites were taken by push-
ing a circular corer of 1.5 cm internal diameter into the mud. Samples 
were taken in a row, 1 cm from each other, within a period of three days 
in late December 1981. Subsequent sets of samples were taken, also 
within a period of three days, in late March, June and September 1982 in 
parallel rows 5 cm fran the previous row. These subsequent replicates 
were taken with a square corer of side 5 cm, but each core was bisected 
from top to bottan to give an effective cross-sectional area of 12.5 cm2 
(compared with the 4.9 cm2 for the circular corer). Sets of five repli-
cates fran the single sites in each of the Clyde and Candlagan estuaries 
were collected by Dr W.L. Nicholas using the circular corer described 
above. Samples were taken in the same spatial configuration as those 
from the Hunter during early April, July and October 1979 and January 
1980, generally within four days of each other. All samples were taken 
to a depth of 6 cm during low tide and immediately fixed with 5% formalin. 
Individual replicate samples are identified throughout this 
thesis by a code which allows easy identification of the place and time 
that the sample was taken. For example: 
Cl III E was taken from the single site at the Clyde estuary (Cl) 
in the 3rd season of the year - winter (III) and was the 
5th replicate taken (E); 
3 I A was taken from site 3 in the Hunter estuary (see Figure 
2.1) in the 1st season of the year - summer (I) and was 
the 1st replicate taken. 
22 
2.1.3 Extraction of Nematodes and Enumeration 
The nematodes from each sample were extracted using a combination 
of sedimentation, sieving and centrifugation {Appendix 2). A portion of 
each sample was mounted on microscope slides in anhydrous glycerol for 
identification. One hundred nematodes from a measured but randomly 
chosen proportion of each of the samples from the Hunter were mounted. 
All nematodes frcm half of each sample frcm the Clyde and Candlagan 
estuaries were mounted. The nematodes on each slide were sorted and 
counted by species but most of the species could only be assigned 
generic names because taxonomic knowledge of Australian marine nematodes 
is poor. The sex and reproductive status of individuals was noted where 
possible. 
The numbers of each species in the subsamples were divided by 
the proportion of the entire sample counted to estimate the numbers of 
each specieJ in the whole sample. To allow for the different sample 
sizes in later comparisons, the density of each species was expressed 
per cm2 surface area since it is widely used in comparisons of meiofaunal 
density. Although volume is more ecologically meaningful as a measure 
of the distances between individual animals, it is not easily measured 
in the wet, easily suspended sediment. Weight is an unsuitable measure 
because the density of the sediment varies according to water holding 
capacity, grain size, root density and many other factors. Measurements 
of both volume and weight of the Hunter River samples were taken for 
comparison of results obtained using different measures of density 
(Appendix 5). 
The method used to estimate the density assumes that the species 
composition and population structure of the subsample were representative 
of the entire sample. The validity of this assumption was tested by 
identifying and counting all nematodes frcm four of the replicate 
samples and comparing the actual number with those estimated from 
sub-sampling. Using either 4.9 or 12.5 cm2 samples fr001 the Hunter, the 
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deviation of projected densities fran actual counts was modest (Figure 
2.2). Of the many species represented in the test samples, there was no 
consistent bias in any particular size or taxonomic group. The percent-
age deviation in density decreased as larger proportions of the sample 
C.ON..,Of\ 
were counted (Figure 2.2), but the relative abundance ofAspecies was 
always very close to that predicted (Figure 2.3). These two observations 
suggest that the discrepancies between observed and projected densities 
arose from small errors in measuring and calculating the proportion of 
the whole sample counted. Although the remainder of the Clyde and 
Candlagan samples were unavailable to test, any variations should be 
small given that half the samples were counted. 
2. 2 STATISTICAL ANALYSIS 
Two non-parametric statistical methods - ordination analysis and 
cluster analysis, were the major statistical methods used in this study. 
Although these methods produce statistical inferences less powerful than 
some other methods, neither relies on assumptions that the structure and 
spatial distribution of the population under study conforms to a partic-
ular statistical model: this is important because the distribution of 
the nematodes in this study did not conform to any standard statistical 
distribution (Appendix 1). As both methods are quite complex, a full 
discussion of each is relegated to Appendix 3, however to aid in the 
interpretation of results, a brief 
given here. 
description of each is 
Suppose that various numbers of 10 species of nematodes are 
found in three different samples (Table 2.2). Each species may be 
thought of as a point in a 3-dimensional space defined by co-ordinates 
representing the number of animals in each of the three samples (Figure 
2.4). Several aspects of the distribution of these points can reveal 
much about the nature of the populations fran which the samples and 
species came. 
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Da 
De 
Di 
Et 
Ha 
In 
Me 
Mo 
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Sh 
Sp 
Te 
Th 
Tr 
SPECIES 
Daptonema sp. 
Desmodora cazca 
X Diplolaimelloides sp. 
X Ethmolaimus sp. 
Ha Zip lectus s p . 
Infrequent species 
X Metalinhomoeus sp. 
X Monhystera sp. 
Nordia sp. 
Oncho laimus s p . 
Parodontophara sp. 
Ptycholaimellus sp. 
Sabat:ieria s p. 
Sphaerolaimus sp. 
X Spirinia s p. 
X Terschellingia longicauda.ta 
Theristus interstitialis 
Tripy loides s p. 
X indicates more than 1 record 
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TABLE 2. 2 Density of 10 species of nema to des i n 3 samples (imaginary data ) 
SAMPLE 
SPEC IE S 1 2 3 
A 10 9 10 
B 19 21 22 
C 33 29 31 
D 38 44 4 1 
E 5 1 45 57 
F 30 41 29 
G 4 1 19 39 
H 29 50 34 
I 6 1 59 65 
J 40 27 37 
FIGURE 2 .4 SPECIES AS POINTS IN SAMPLE SPACE 
SAMPLE 1 
sp sp10 se_S 
sp 1 
sp 6 
2 
sp 9 
se_ 4 
sp 8 
SAMPLE 2 
N 
-...J 
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The shape of the region occupied by the points is considered by 
a form of ordination called Principal Components Analysis. In the 
example, all the points lie on a flat ellipse which can be completely 
described in only two dimensions (Figure 2.5). This suggests that the 
populations are being affected in only two basic ways. The third 
dimension is redundant and essentially all the variation in population 
characteristics among the samples can be explained by variation in two 
linear combinations of species. This important observation may not have 
been apparent by inspection of the tabulated data or even the plotted 
points. However, a Principal Components Analysis, clearly summarises 
the distribution of the points by computing the relative lengths of the 
dimensions of the space occupied by the points. 
In the example, the relative lengths (expressed as percentages 
of the total) are 88, 12 and 0%. The first percentage represents the 
long axis of the ellipse and includes most of the variation in species 
abundances (Figure 2.5). The second percentage represents the short 
axis of the ellipse. Although it accounts for a smaller proportion of 
the variation in population characteristics than the first axis, it is 
geometrically orthogonal. Hence the second axis represents a mathemat-
ically independent source of population variation, although this does 
not necessarily imply biologically separate causes. The third percentage 
is very close to zero since almost all the variation in population 
characteristics can be explained in only two dimensions. Had the 
populations been overwhelmingly controlled by a single factor, all the 
points would lie on or near a single straight line and a single axis 
would account for all the variation. The remaining axes would be close 
to zero. Conversely, if three factors influenced the populations to a 
similar extent and the points occupied a sphere, all axes would be about 
equal. This would also occur if the populations in the three samples 
were all statistically independent of each other. 
C:-IGLJRE 2 .5 ELLIPSE DESCRIBING SPECIES POINTS IN SAMPLE SPACE 
0 .5 sample 1 
-0 .8 sample 2 
0.2 sample 3 
SAMPLE 1 
0.6 sample 1 
0 .5 sample 2 
0 .6 sample 3 
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The direction of the axes is also indicated by a Principal 
Components Analysis. The relative contribution of each sample to an 
axis indicates the nature of the population changes associated with that 
axis. In the example (Figure 2.5), all three samples contribute about 
equally to the first axis: some dominant factor affects the abundance of 
all species over all samples unifonnly - perhaps some form of productiv-
ity. However, only samples 1 and 2 have coefficients far enough from 
zero to contribute substantially to the second axis. The opposite signs 
of their coefficients indicates that the sites are affected in opposite 
ways: perhaps one group of species replaces another in moving from one 
site to the other, while at site 3 neither species group is present and 
the coefficient is therefore low. 
Another way of considering a Principal Components Analysis is as 
a non-parametric multivariate regression, fitting successive orthogonal 
lines of best fit to the multivariate data and indicating the importance 
of each. 
A di+Fer~~ analysis of the statistical relationships among 
the populations is provided by cluster analysis. If the population at 
each site is considered as a point in a co-ordinate system defined by 
the numbers of each species as in Table 2.3, and Figure 2.6, a cluster 
analysis will surrunarise the internal relationships among the points. 
First the points (populations) are assembled into small, compact and 
homogeneous groups (if any such 'clusters' of points do exist) and then 
into successively larger, more diffuse groups (Figure 2.7). At each 
stage of the process of grouping the points the cluster analysis indi-
cates the successively larger distances between the points in a cluster. 
The best and conventional way to summarise this process is to display 
these population relationships by a dichotomous dendrogram (Figure 2.8). 
In a dendrogram the samples, at the ends of the 'twigs', join to form 
larger and larger 'branches' or groups at a 'height' equal to the dist-
ance between the two joining groups. 
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TABLE 2. 3 Density of 3 species of nematodes in 10 samples 
(imaginary data) 
SAMPLE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
SPECIES 
A B C 
10 36 37 
1 49 2 
45 15 18 
32 37 38 
15 37 30 
43 17 17 
41 19 18 
29 30 30 
11 40 40 
26 35 36 
FIGURE 2 .6 SAMPLES AS POINTS IN SPECIES SPACE 
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The example in the above demonstration of statistical methods 
uses only three dimensions for clarity, however these analyses apply 
equally well, and indeed are of greatest benefit, when there are many 
samples and species to be considered. Graphical consideration of even 
four dimensions is tedious because the graphs of combinations of three 
co-ordinate axes must be examined. If the points lay on a flat ellipse, 
as in the 3-dimensional example, each of the graphs would depict an 
ellipse positioned somewhere in space. However, it is still necessary 
to consider all the graphs because some combinations of co-ordinate axes 
may give a very different and misleading appearance to the points. This 
can occur if an ellipse is parallel to any of the co-ordinate axes. In 
this case some of the graphs would show only a line since the ellipse 
would be viewed edge on. Many other circumstances may cause similar 
graphical anomalies. Fortunately, it is not necessary to consider large 
numbers of graphs as the number of dimensions (species or samples) 
increases be~ause the mathematical formulations of ordination and 
cluster analysis can simultaneously treat any number of dimensions and 
summarise the important results mathematically. 
Using either of these analyses indiscriminately on ecological 
data can, however, give misleading results. A major problem is that 
although there is only a small graphical distance between points with 
few or no animals of a particular species present, the conjoint absence 
of a species fran two samples does not imply that the sites from which 
they came are ecologically identical or even similar. For example, 
tropical fish are absent from both tropical lands and polar oceans. 
Also, samples like number 4 and 5 in the last example both have large 
numbers of species A present but are a considerable distance apart 
because the difference between the two sites is 17 animals, even though 
this is proportionally small (Figure 2.6). However, sites 1 and 2 are 
much closer together because the difference in the numbers of species A 
is only 9 animals, even though this is a 10-fold difference and less 
certain because of the smaller numbers of animals present. These eco-
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logically undesirable properties of using Euclidean distance as the 
measure of ecological similarity between points necessitated using a 
different measure of similarity. The Bray-Curtis similarity coefficient 
was used since it was designed specifically for ecological work. This 
coefficient ignores joint absences and stresses joint presences, giving 
a weight to each species proportional to the number of animals present. 
Thus in the last example species A contributes about 20% to the similar-
ity between sites 4 and 5 where 47 animals are present but only about 8% 
to the similarity between sites 1 and 2 where only 11 are present. This 
weighting of abundant species also diminishes the effect of any sampling 
errors on rare species since poorly represented species contribute 
little to the similarity of two sites. 
The Bray-Curtis similarity coefficient, however, differs in a 
few minor but statistically important properties from Euclidean distance. 
The differences necessitate the use of a slightly different form of 
ordination called Principal Co-ordinate Analysis. Principal Co-ordinate 
Analysis is a more general form of a Principal Component Analysis, 
incorporating features to accommodate the different properties of a 
similarity coefficient. Cluster analysis is unaffected by the measure 
used to quantify the likeness of sites. 
Ordination methods may also be used to summarise the ecological 
relationships among the different species by comparing their distri-
butions. However, for reasons explained later, the distributions of 
species were compared between the different sites, not the individual 
samples. Because the total densities of each species at each site have 
different statistical properites to the densities of species in individ-
ual samples, Principal Component Analysis was used rather than Principal 
Co-ordinate Analysis. The two ordination methods are somewhat similar, 
however Principal Component Analysis operates directly on the densities 
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of each species and hence does not require computation of a measure of 
the similarity of species distributions. More details are given in 
Appendix 3. 
All analyses were calculated by the Univac 1100/82 computer at 
the Australian National University. Data manipulation and non-standard 
analyses used Fortran 77 programs and IMSL subroutines; standard analyses 
used Genstat 4.01 programs. I wrote all programs and thoroughly tested 
them before use. 
2. 3 RELIABILITY OF SAMPLING DATA 
To draw valid statistical inferences, sampling data must accur-
ately and consistently represent the true populations. Hence a brief 
examination of possible sources of artifact is detailed below. 
a) Extpaction PPocedupe 
The efficiency of the method of extracting nematodes from sub-
strate was examined by extracting the nematodes from samples containing 
known numbers of animals. Two species common in the field samples, one 
small and the other of moderate size, were obtained from laboratory 
cultures and introduced in separate 75 cm2 volumes of mud which had been 
defaunated by extracting the animals and then freezing and thawing twice. 
The mud was from the site in the middle of the range of median grain 
sizes (site 13) and was equal in volume to the square corer samples. It 
was shaken in a plastic cup with lid to distribute the nematodes 
throughout the sediment and then processed in exactly the same manner as 
the field samples. 
Retrieval rates were quite high for both species (Table 2.4), 
but more importantly there was little variation between the replications 
for a single species, irrespective of the initial density. 
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TABLE 2.4 Recovery rates of nematodes 
SPEC I ES No. l N No. OUT % OUT 
10 2 4 5 30 5 1. 7 
565 278 49 . 2 
Diplolai melloidPs 49 . l 
sp. 508 239 4 7 . 0 
258 1 25 48 . 4 
Paracyatholaimus sp. 38 23 60 . 5 
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The reliability of the extraction method is also supported by 
the field data. Some very small and inconspicuous species were success-
fully extracted and very large numbers of nematodes were retrieved from 
the sediment. 
b) NumbeP of Replicate Samples RepPesenting a Site 
How well five replicate samples represent a site was partially 
evaluated by examining the mean number of species added to the species 
list for a site by taking additional samples. Additional samples to the 
five normally taken to represent the sites were likely to add few extra 
species and little extra data about the populations at a site (Figure 
2.9). However, no complete evaluation of the effect of additional 
sampling is possible since a complete analysis would involve taking 
multiple sets of replicates as well as a set of very large samples equal 
in volume to all the replicates - a major study in itself. Also, many 
additional fa~tors complicate the problem, particularly variation within 
the replicates themselves and variation over time. Such variation is 
addressed as a major part of this study: the results imply that five 
replicates do adequately represent a site at one particular time 
(section 3.1). 
c) Effect of DiffePent OpePatoPs and Sample Sizes 
The comparability of the samples collected in different apparatus 
or by different operators is assessed as part of the results of the 
cluster analysis reported in section 3.1, and shown in Figure 3.3. 
Neither sample size nor operator caused an overwhelming pattern in the 
data. This is clearly seen in representative sections of the dendrogram 
where samples of different sizes and those taken by different operators 
were intermingled rather than in discrete groups (Figure 2.10). 
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SAMPLE DESIGNATION 
SAMPLE SIZE ( sq cm) 
OPERATOR 
CaIA Caro CaIE 
6IID 
12.5 4.9 4.9 4.9 
1 2 2 2 
operator 1: M . Hodda 
operator 2: W .L. Nicholas 
--
3IIIA 3IIIB 3IIIC 3IIID 3IIIE 10IB lOIC 10IB 
Ca IC 10IIC 
12.5 12.5 4.9 12.5 12 . 5 12.5 4.9 4.9 4.9 12.5 
1 1 2 1 1 1 1 1 1 1 
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2.4 THE LABORATORY MICROCOSM 
The mechanisms by which the different ecological processes 
affected the nematode populations were investigated using a laboratory 
system which allowed controlled manipulation of the nematode populations 
while retaining conditions somewhat comparable to the field. 
The nematode fauna was extracted alive from large quantities of 
sediment by the standard method (section 2.1.3) and kept aside in a 
petri dish. After the mud had settled for about an hour, any super-
natant water was gently poured off. The remaining sediment was deep 
frozen at -17°C overnight and then slowly thawed to 20°C twice, to kill 
any remaining nematodes. Next, the thawed sediment was placed in a 
uniform layer 2-3 cm deep in an open rectangular tray 55 x 44 x 8 cm. 
The experimental group of nematodes was then reintroduced, supplemented 
by additional animals obtained from large additional quantities of the 
same mud by tbe semi-automatic Baermann apparatus (Thorne 1961). 
Different combinations of nematode species were used in various spatial 
configurations of sediments from different sites and estuaries, as 
indicated separately with each experiment. 
The tray containing animals and sediment was initially inundated 
about an hour after the nematodes were reintroduced. About l cm depth 
of sea water was allowed to flow in slowly via a very thin tube to avoid 
sediment disturbance. Throughout the experiments the water was allowed 
to evaporate until the mud was only damp (about 4-6 days) and then 
replenished to the original depth with deionised distilled water. 
Distilled water was used to prevent a continual increase in salinity and 
maintain fluctuations generally within a range of hypersaline to iso-
tonic with sea water. The water added was enriched with 10-4 rrM NaN03 
and 10-5 rrM Na 2 HP03• Each end of the tray was gently lifed a few cm 
about every two days to stir the water and avoid stagnation. The entire 
system was maintained at 25°C under alternating periods of 15 hours 
light and 8 hours darkness with two intervening periods of 30 minutes 
intergradation. 
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ThQ. fauna in the trays was sampled using an 8 cm length of 
cylindrical tube of 4.7 cm2 cross-sectional area. This area is almost 
identical to the circular corer used to take field samples. The sampler 
was pushed into the mud until flush with the bottom of the tray, 
the mud within the tube was then sucked out via an 8 mm internal diameter 
tube into a vacuum flask by a venturi pump. A little distilled water 
was sucked through the tube to wash out any remaining mud and the 
w~.-e-
COntents of the flaskhwashed into a plastic sample cup. Any mud adhering 
to the internal wall of the sampler after withdrawal w~s also washed 
into the cup. The sample was then processed by the standard method 
(Appendix 1) except that decantation was unnecessary before centrifuga-
tion because the samples were so small. The nematodes were counted in 
the petri dish, not mounted on slides. All samples were taken when the 
water level was low. 
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CHAPTER 3 
THE RELATIVE IMPORTANCE OF DETERMINISTIC AND STOCHASTIC PROCESSES AND 
THE SCALES ON WHICH THEY OPERATE 
3. 1 SIMPLE PATTERNS OF FAUNAL CROUPS AND DISCO'UI'INUITIES 
3.1.1 Introduction 
The difference between populations controlled by deterministic 
and stochastic processes is pattern. Strong patterns in the population 
characteristics of different samples indicate that deterministic pro 
cesses control the population. Random assortments of species at 
indeterminate densities indicate that chance and stochastic processes 
are most important. Hence the presence or absence of sharp discontinu-
ities in population characteristics between groups of samples with 
internally homogeneous populations is a strong indication of which 
processes predominate. Cluster analysis of all the individual replicate 
samples can indicate if there is such a pattern and how strong it is. 
Cluster analysis can also indicate which scale of sampling encompasses 
the most important changes in population characteristics. The dendro-
gram produced by a cluster analysis can show this by the size and nature 
of any groups of samples identified. The combination of the strength 
and nature of any pattern in the population characteristics of the 
samples can thus differentiate which ecological process is predominant 
and on which scale it operates (Figures 3.1 and 3.2). These patterns 
cover all extreme possibilities, however intermediate configurations are 
possible. If more than one ecological process or scale is involved, the 
constituent patterns should still be discernable. If this is the case, 
cluster analysis can give a qualitative estimate of the importance of 
the different processes and scales according to the relative strengths 
of the patterns in the dendrogram. 
3. 1. 2 Method 
A cluster analysis was carried out by group average sorting as 
described in Appendix 3c. 
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FI GLJR E 3 . 1 DENDROGRAM PATTERNS PRODUCED BY DETERMINISTIC PROCESSES 
o) SMALL SCALE 
l 
( examples only ) 
Unrelated samples group discretely 
according to whichever small scale 
factor is important. 
3IA 3IB 6IID SIA CaIE ClIC 3IVE 
b) MEDIUM SCALE 
l 
3IA 3IE 3IID 3IB 3IIC 4IA 4IB 4IVD 4IE 4IIA 
c) LARGE SCALE 
l 
, !.. ~-
• t I I f 
t. t • 
,- - I 
' ., ;- ;: .. 
I I• 1 f 
.,.- ?. 
I•' 
....:,-, I 
I I • I 
t - .- I 
• I 
• I I•, t 
Samples group discretely 
according to the site from 
which they came. The 
relationships among the sites 
have simple explanations. 
Samples group in almost any 
fashion but the south coast 
estuaries are very different 
from the Hunter estuary. 
site 2 site 3 site 8 Cand. Ck Clyde R. 
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FIGURE 3 .2 DENDROGRAM PATTERNS PRODUCED BY STOCHASTIC PROCESSES 
a) SMALL SCALE No consistent pattern 
>.. 
...., 
I... 
0 
I 
I 
CaIIE 3IVE 8IIIB 2IE ClIIA 10IC 8IVB CaIE 
b) MEDIUM SCALE 
l 
site 3 site 2 site 8 
in grouping individual 
samples, sites or 
estuaries. Different 
samples are grouped at 
very different levels of 
population similarity. 
Samples group 
according to site, 
but the relationships 
among the sites cannot 
be related to any 
measurable factor. 
- ,- ---------------------
I 
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3.1. 3 Results 
The configuration of the dendrogram produced by the cluster 
analysis showed no clear pattern in the population characteristics of 
the samples (Figure 3.3). However, small, representative portions of 
the entire dendrogram showed that many samples were partially and loosely 
grouped according to the site from which they came (Figure 3.4). The 
samples from some sites, however, were grouped more diffusely than others 
(Figures 3.5 and 3.6). There were no discontinuities in population 
characteristics between the different estuaries. The samples from 
Candlagan Creek intermingled with some of the samples from the Hunter 
River and the populations from site 2 in the Hunter River resembled 
those from the Clyde River more closely than other sites in the Hunter 
River (Figure 3.3). The samples frcxn the Clyde estuary and site 2 in 
the Hunter estuary each grouped discretely and were together somewhat 
distinct from all the other samples. However, the similarity among the 
replicates from site 2 was very variable and the population character-
istics of many samples frcxn site 2 were often only marginally more 
similar to other samples from site 2 than they were to samples taken at 
other sites. Except at the Clyde River and site 2, neighbouring samples 
were not necessarily the most similar. Many highly remote samples and 
unexpected combinations were very similar. 
3.1.4 Discussion 
Despite the inconsistencies, the most important pattern in the 
population characteristics of samples follows the site from which the 
samples were taken. Although the pattern is not strong and is somewhat 
(.-,,.,. IO':I .,.~,.;.,.t) 
imperfect, it is highly unlikelyAthat the samples would group ~s 
M +'-&y al,cl 
consistently~according to their site of origin by chance alone. The 
presence of such a non-randcxn pattern indicates that detenninistic 
processes at least partly control the characteristics of the populations. 
However, the pattern was not so strong as to indicate that deterministic 
processes were operating on a single overwhelmingly important scale. 
The exact importance of the pattern cannot be quantified frcxn cluster 
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analysis which gives only a qualitative measure of the importance of the 
major pattern relative to any deviations from it. Other types of 
analyses are more suitable for quantifying the importance of pattern. 
They are considered elsewhere (sections 3.2 and 3.3). 
Whatever the absolute importance, the presence of this pattern 
indicates that deterministic processes operating on about the medium 
scale of sampling are an important detenninant of population character-
istics. The grain size characteristics of the sediment and the avail-
ability of oxygen and fine detritus in the sediment seem likely to be 
important factors behind the deterministic processes. The sites which 
were most distinguished by these factors, site 2 and the Clyde River, 
also had the most distinct population characteristics. Any relationships 
among the other sites were obscured by the complexity of the patterns and 
inconsistencies in the dendrogram. The importance of different environ-
mental factors in detennining population characteristics is investigated 
in more detail using other methods (section 3.2 and Chapter 4). 
The inconsistencies in the medium scale pattern are probably 
caused by processes affecting the populations on the small scale. There 
are three possibilities as to the nature of the small scale variation. 
Cluster analysis cannot definitively distinguish between them, but 
stochastic processes appear most likely to be involved. The configur-
ation of the actual dendrogram (Figure 3.3) is somewhat similar to the 
pattern produced by small scale stochastic processes (Figure 3.2a). 
Geographically distant samples were often more similar than neighbours 
and the individual samples grouped together at very different levels of 
similarity. The second possibility, small scale deterministic processes 
cannot be ruled out however, because it too produces fonnal similarities 
in distant samples (Figure 3.la). Superimposing a small scale pattern 
over the medillTI scale pattern may also produce grouping of samples at 
very different levels of similarity. The third possible origin of the 
inconsistencies in the major pattern is due to the properties of cluster 
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analysis itself, Cluster analysis is very sensitive to populat ion 
characteristics which fall into discrete groups, however it can be 
misleading when populations fonn gradients: very similar patterns can 
give very different dendrograms (Figure 3. 7). However, it seems 
unlikely that the individual samples from different and geographically 
discrete sites formed an equidistantly spaced gradient. To verify this 
statement and clarify the less important processes, the population 
characteristics of the samples are examined another way in the next 
section. 
3. 2 FAUNAL GRADIEm'S 
3.2.1 Introduction 
Unlike cluster analysis, Principal Co-ordinate Analysis can be 
rather inefficient at identifying discrete groups and strong clusters of 
samples with similar population characteristics. However, Principal 
Co-ordinate Analysis is very useful when there is a more complex pattern 
in the data, particularly from on~ or more gradients. Principal Co-
ordinate Analysis is also very useful in identifying and evaluating the 
effects of several different factors on population characteristics. It 
allows the effects of different factors to be separated onto different 
co-ordinates to clarify relationships which may not be apparent when the 
combined effects of many different factors are presented together on a 
single dendrogram. In addition, Principal Co-ordinate Analysis gives an 
indication as to the importance of any patterns identified according to-
how much of the total variation in population characteristics is 
attributable to each pattern (Chapter 2). 
If one factor is of overwhelming importance, a single principal 
co-ordinate would be expected to account for most of the variation in 
population characteristics among the samples. The remaining co-ordin-
ates would account for only minor variations from the major pattern. 
However, if several factors are all important determinants of population 
characteristics, then several principal co-ordinates would be required to 
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account for any large portion of the population variability. If no 
major factors are involved (despite the pattern identified by cluster 
analysis in the previous section), then no large principal co-ordinates 
would be expected. However, even if there is no pattern in the data at 
all, a Principal Co-ordinate analysis will still identify some co-ordin-
ates to be more important than others. Unless a set of samples are all 
equally different fr001 one another, which is very unlikely to occur by 
chance, random variations from an absolutely uniform distribution of 
points will result in some principal co-ordinates accounting for more 
variation than others (Figure 3.8). Patterns generated in this way by 
random data are distinguishable fr001 genuine patterns by the distribution 
the variance accounted for by each principal co-ordinate. The distri-
butions characteristic of random data are easily estimated by doing the 
analysis on a number of random sets of data, and can be compared with 
the real data. 
The contribution of each sample to a principal co-ordinate can 
also indicate if the pattern is due to chance or represents a complex 
pattern involving a number of principal co-ordinates which do not 
account individually for large portions of the total population 
variability. Strong patterns according to the site, time or estuary 
fr001 which the samples came are also unlikely to be generated by random 
variation. As in cluster analysis, the presence of patterns grouping 
the samples according to the site or estuary where they were taken 
indicates the action of ecological processes on the medium or large 
scales. However, patterns in important principal co-ordinates which do 
not order or group samples according to site or estuary indicate a small 
scale pattern. The lack of any obvious pattern in principal co-ordinates 
which account for only a relatively small proportion of variation are, 
however, likely to indicate only stochastic variation. This is 
especially so when no samples contribute very much to the variation 
represented by a co-ordinate. 
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3.2.2 Method 
A Principal Co-ordinate Analysis of the population character-
istics of all the samples was carried out as described in Chapter 2 and 
Appendix 3b. The data were then randomised 100 times and an identical 
analysis carried out on each random combination of population parameters. 
Random permutations of the actual data were used rather than truly 
random numbers to retain the same variance/covariance structure as the 
original data. The densities of each species in all the samples were 
randomly reallocated to samples so that the density of a species in any 
particular sample was a random choice (without replacement) from all 
the observed densities of that species. 
3.2.3 Results 
The distribution of the total variation in population character-
istics among the principal co-ordinates was different in the actual data 
to any of the 100 random trials (Figure 3.9). However, many principal 
co-ordinates were required to account for a large proportion of the 
-
total variation in population characteristics. Sixteen principal 
co-ordinates were required to account for 50% of the variation and 48 
co-ordinates for 75%. The first four principal co-ordinates showed 
clear patterns related to the sites from which the samples came. This 
is clearly seen from graphic representations of the contribution of each 
sample to the principal co-ordinate (Figures 3.10 - 3.14). Fran the 
fifth principal co-ordinate on, the patterns became more obscure and 
deviations from apparent 'patterns' more frequent (Figures 3.15 and 
3.16). As the principal co-ordinates progressively accounted for less 
of the total variation, the contributions of the individual samples also 
became more uniformly low; no samples made outstanding or important 
contributions to these co-ordinates (Figure 3.16). This indicates that 
there were no important patterns in the least important co-ordinates 
(Appendix 3b). 
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3.2.4 Discussion 
The distribution of the total variance among the individual 
principal co-ordinates confirms the result of the cluster analysis. 
Because it is very different from that generated by random data it 
indicates that there is some pattern in the population characteristics 
of the samples. However, that no single principal co-ordinate accounts 
for a large proportion of the total variation in population character-
istics indicates that this pattern is not as simple as may have been 
suggested by cluster analysis. Closely related, if not the same factors 
seem to underly at least three of the four most important principal 
co-ordinates, together accounting for 25% of the total variation. The 
contribution of the samples to the first principal co-ordinate are 
related to the oxygen penetration, packing and organic content of the 
sediment (Figure 3.10). Where oxygen penetrates deep into loosely 
packed, organically rich sediment at site 2 and the Clyde River, the 
sample co-ordinates are very negative. Where oxygen penetrates very 
poorly into hard packed clay at sites 3 and 4, the co-ordinates are very 
positive. The samples from the remaining, intermediate sites lie in 
between on the principal co-ordinate close to O. This pattern is 
similar to the most obvious pattern in the dendrogram generated by 
cluster analysis (section 3.1). 
There are, however, other patterns in the population character-
istics of the samples. The second principal co-ordinate is related to 
the grain size characteristics of the sediment although one or two 
samples have co-ordinates not entirely consistent with this pattern 
(Figure 3.11). The very coarse sediments at Candlagan Creek and site 6 
in the Hunter estuary were quite highly negative and the fine sediments 
of the Clyde River and sites 3 and 4 were all positive. Site 11 had 
lower but still fairly consistent positive co-ordinates. (The sign of 
the sample on a principal co-ordinate has no meaning for comparisons 
between different co-ordinates.) The third co-ordinate seems to indi-
cate some effect of the largest scale, contrasting sites 2 and 10 to the 
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Clyde and Candlagan estuaries (Figure 3.12). The fourth co-ordinate 
contrasted site 11 to sites 3 and 4 (Figure 3.13). All these sites have 
hard, clayey sediments, however, at site 11 the surface water drains 
very well during low tide leaving a dry, bare surface. By contrast, at 
sites 3 and 4 water lies almost permanently on the surface, which is 
covered by extensive algal mats. Although these patterns do not account 
for an overwhelming proportion of the total variation in population 
characteristics, they do indicate that deterministic processes are 
important on both medium and large scales. 
At the other end of the scale, the smallest principal co-ordin-
ates, which show no patterns at all, represent stochastic elements. 
Although separately accounting for only very small proportions of the 
total population variability, these minor principal co-ordinates are 
very numerous and together account for quite a substantial portion of 
population variability. However, there is no clear demarcation between 
the obvious and unequivocal patterns in the first few co-ordinates and 
the lack of any patterns in the last ones, and the principal co-ordinates 
intermediate between these two extremes account for a substantial 
portion of the total variance. The importance of the apparent patterns 
in these intermediate principal co-ordinates is investigated in the next 
section, where the relative contributions of the different scales and 
processes are further discussed. 
3. 3 A QUA!vTITATIVE ASSESSME!vT OF THE ROLES OF DIFFERE!vT SCALES AND 
PROCESSES IN POPULATION VARIABILITY. 
3.3.1 Introduction and Method 
The statistical methods used in the previous two sections 
identified some important patterns in population characteristics on the 
medium scale and to a lesser degree in patterns on the large scale. 
They also suggest an important stochastic element in population charac-
teristics. However, the relative contribution of the different processes 
and scales were difficult to quantify because of uncertainty in the 
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demarcation between the two processes. A better evaluation of the 
relative importance of the different processes and scales is not possible 
from the raw data on species abundances because of their unusual 
statistical distribution (Appendix 1). However, the values of each 
sample on a principal co-ordinate approximates a normal distribution 
with zero mean which is suitable for the powerful Analysis of Variance. 
An Analysis of Variance of the sample values for each principal 
co-ordinates will determine if there is any statistically significant 
pattern according to the site or time at which the sample was taken, or 
both. If there is a pattern according to site, or site and time, then 
mediwn or large scale processes are implicated. If there are no 
statistically significant patterns according to site or time in a 
co-ordinate then small scale changes are implicated. 
Whether the statistically significant effects of site represented 
a deterministic pattern or stochastic variation was assessed qualita-
tively according to how well the patterns in the co-ordinates paralleled 
simple patterns in environmental factors among the sites. On the small 
scale, the distinction between deterministic and stochastic processes is 
based on the amount of variance accounted for by the co-ordinates. The 
co-ordinates accounting for most variance represent the most important 
patterns in population characteristics. As co-ordinates account for 
progressively less variation, they are less likely to show any pattern 
and more likely to show only stochastic variation. Hence, if a 
co-ordinate has a statistically significant pattern according to site or 
time, then it is very likely that all the co-ordinates which account for 
larger proportions of the variation also represent patterns in 
population characteristics. Therefore, all co-ordinates which are more 
important than the last co-ordinate in which the effects of site or time 
are statistically significant should represent patterns. If any of 
these more important co-ordinates has no significant pattern according 
to site or time then the pattern must be on the small scale and deter-
ministic processes are implicated. However, a co-ordinate with no effect 
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site or time probably represents stochastic variation if it accounts for 
only a small proportion of the total variance and there are no statis-
tically significant patterns in any less important co-ordinates. Such 
co-ordinates are very unlikely to represent any patterns in population 
characteristics, and therefore indicate stochastic variation. 
The allocation of principal co-ordinates to the effects of any 
particular scale, however, depends on the level of statistical 
significance at which effects of site or time are recognised. For this 
reason, the results obtained using the above criteria were compared for 
two levels of significance - a=0.05 and a=0.001. The latter is a much 
more stringent condition for ascribing any pattern to the effects of 
site or time at which the samples were taken and consequently an easier 
criterion for allocating co-ordinates to small scale effects. Finally, 
the percentages of the total variation accounted for by the principal 
co-ordinates were swnmed according to the scale and population process 
which were primarily represented on each co-ordinate. 
3.3.2 Results 
The Analysis of Variance of the sample values on each 
co-ordinate, and the summary of the scale and process represented, are 
presented in Table 3.1. The total influence of the different scales and 
processes is shown in Figure 3.17. The level of probability at which 
the various processes and scales were deemed to be statistically 
significant had very little effect on the main results (Table 3.1). 
The site at which the samples were taken was the most important 
influence on population characteristics, accounting for about 50% of the 
total variation. Much of the influence of the site at which a sample 
was taken on population characteristics was independent of the time at 
which the sample was taken - 30% of the total population variability 
(Figure 3.17). This portion of the population variation also includes 
many of the most important principal co-ordinates which represent 
TABLE 3.1 
Principal 
Co-ordinate 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
* P < o. 001 
** P < o. 05 
Patterns in Principal Co-ordinates 
% Variance 
8.85 
7. 19 
5.16 
4.24 
3.33 
3. 15 
2.56 
2.42 
2.32 
2. 10 
, • 89 
, • 87 
1. 73 
, • 66 
, • 53 
1. 28 
, • 23 
1. 14 
1. 13 
1.07 
, • 02 
0.99 
0.96 
o. 91 
0.90 
0.86 
0.83 
0.81 
0.80 
0.76 
Site 
481. 7 * 
191.7 * 
179.5 * 
68.0 * 
26.7 * 
36.0 * 
28.3 * 
22.8 * 
16.0 * 
12. 1 * 
9. 1 * 
20. 1 * 
30. 1 * 
4.5 * 
13.4 * 
8. 1 * 
2.0 
9.5 * 
2. 6 ** 
2.7 ** 
1. 3 
1.3 
2.5 ** 
2.5 ** 
1 • 0 
0.7 
0.6 
0.2 
0.4 
0.2 
F-Ratio 
Time 
5.8 ** 
15.6 * 
3.2 ** 
10.8 * 
6. 1 * 
29.2 * 
7.0 * 
7.7 * 
10. 5 * 
29.8 * 
19.3 * 
7.5 * 
0.4 
11.0 * 
4.8 ** 
25.9 * 
7.9 * 
3.6 ** 
4.0 ** 
2.6 
2.3 
3.0 ** 
3.2 ** 
1.6 
4.6 ** 
6. 1 * 
1. 4 
,. 5 
2.5 
, • 0 
df=8, 44 df=3, 108 
Site & Time 
8.1 * 
18. 1 * 
4.8 * 
11. 1 * 
8. 1 * 
10. 3 * 
17.2 * 
7.4 * 
14.9 * 
10. 9 * 
12.6 * 
9. 1 * 
9.2 * 
7.3 * 
8.0 * 
8.8 * 
3.2 * 
8.6 * 
5.8 * 
3.2 * 
3.3 * 
, • 9 ** 
4.5 * 
4.2 * 
3.0 * 
2.4 ** 
2.7 * 
, • 9 ** 
2. 3 ** 
2.2 ** 
df=24, 108 
Underlined numbers indicate the most important influence(s) on each 
Principal Co-ordinate (as summarised in Fig. 3.15) 
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the strongest patterns in the data (Table 3.1). The population charac-
teristics of the sites, however, also changed substantially between 
different sampling times: 20% of the total population variability was 
due to independent changes in the populations at the different sites 
(Figure 3.17). Although the different sites changed in different ways, 
the populations at the sites remained distinct from one another as shown 
by the significant effect of site as well as time. The time at which 
the samples were taken had a smaller, uniform effect over all the 
samples (8%) and the estuary where the samples were taken also had a 
small effect on population characteristics (5%) (Figure 3.17). The 
remaining 35% of the variability in population characteristics, 
representing all the least important principal co-ordinates, is devoid 
of any patterns and indicates a substantial influence of small scale 
stochastic processes (Figure 3.17). 
3.3.3 Discussion 
Because of their indirect derivation, the proportions of total 
population variability allocated to each different scale and process 
must be regarded as approximations only. However, Principal Co-ordinate 
Analysis merely rearranges most of the important information on the 
population characteristics of the samples rather than altering it, so 
the approximations should be good, and also apply very well to the 
actual data. The values assigned to the different scales of population 
change and ecological processes are entirely consistent with the quali-
tative results reported earlier. The value of the approximations is 
also supported by the minimal effect of using a different criterion to 
allocate the co-ordinates to the different categories. 
The method for deciding if there was likely to be a pattern in 
the principal co-ordinates presented no problems in practice. All the 
co-ordinates which had no statistically significant pattern according to 
site, time or both formed a block of the least important co-ordinates 
(Table 3.1). This is a very important result because it indicates that 
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there were no patterns in this block and no small scale patterns which 
were strong enough to override the patterns according to site or time . 
Full discussion of these results is delayed until Chapter 6, because 
more detailed examination of some of the components of population 
changes are investigated more fully in the succeeding chapters. The 
general discussion will also consider further the nature of the 
considerable changes in population characteristics over time, especially 
the different temporal changes at the various sites. These changes 
could be seasonal or may represent stochastic changes within the 
populations at each site. If they do represent stochastic changes, the 
changes are either of a nature unique to each site or of insufficient 
magnitude to change the essential character of the populations. Of the 
alternatives, the latter may be marginally more probable because most of 
the patterns which comprise the site and time portion of the total 
variance are relatively unimportant. Without data froo, more than one 
year, however, it is impossible to tell whether this is the origin of 
the temporal population variation or whether it represents seasonal 
change. 
CHAPTER 4 
POPULATION PROCESSES ON THE SMALL SCALE 
4.l SMALL SCALE PATTERNS IN POPULATION CHARACTERISTICS IN THE 
FIELD 
4.1.1 Introduction 
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The Principal Co-ordinate and cluster analyses reported in 
Chapter 3 found no major patterns in the population characteristics of 
the samples on the smallest scale. However, although unlikely for 
reasons discussed in sections 3.2 and 3.3, it is possible that patterns 
among the individual samples may have been overlooked. In analysing the 
data from all the different sites together, any patterns on a small 
scale may have been dominated by more important patterns among the 
different sites. The interaction of simultaneous changes to the popula-
tions on two different scales in this way may also have produced some of 
the variability which could not be attributed to any pattern on any 
scale. The possibility that there are small scale patterns in population 
characteristics which have been obscured by larger scale changes was 
considered here by examining each site separately. Any strong groupings 
of the samples should thus be apparent, free from the larger scale 
patterns. 
A perfect pattern could not be expected, even if the population 
characteristics were perfectly determined in small patches (Figure 4.1). 
Some samples may have covered part of several different patches or 
fallen at different levels on a gradient (Figure 4.la). Others may have 
been located in areas intermediate between two different faunal types. 
Either of these possibilities would weaken the appearance of any pattern 
observed in a cluster analysis by interposing samples of intermediate 
population characteristics between major clusters. However, Principal 
Co-ordinate Analysis should still recognise some such pattern in a 
fairly important co-ordinate. Patterns in population characteristics on 
a scale slightly larger than the sample size are not as serious (Figure 
F IGLJRE 4 . 1 PATTERNS PRODUCED BY CHANGES ON SCALES CLOSE TO THE SAMPLE SIZE 
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4.lb). They should have been readily detected by either analysis 
because slightly larger patterns mean that samples are more likely to be 
homogeneous and, therefore fonn very strong groups. Adjacent samples 
should also be similar. Several different population groups may have 
been included in a single sample if there was a pattern at a scale 
smaller than the sample size (Figure 4.lc). However, for such patterns 
to be missed by both types of analysis, the pattern would have to be 
much smaller than the sample size so that no groups of samples had the 
same combination of population groups present. If there is any pattern 
in the samples it should have been identified by these analyses. 
A limitation of this study is that no small scale environmental 
observations were made. Without such observations it is difficult to 
tell if an observed pattern is deterministic and can be related to some 
environmental factor(s) or is due solely to chance. If a pattern can be 
related to a single cause detenninism is suggested. However, a pattern 
without an apparent cause may have been produced by an unexpected and 
-
unmeasured factor. Hence the likelihood of a pattern occurring solely 
by chance may not be a bad criterion for deciding if the populations are 
detenninistically or stochastically controlled. About 50 species 
occurred at each site, of which about 10 to 25 were present in any one 
sample, and it is very unlikely that the same species would occur at a 
very similar density in two or more samples by chance alone. 
Of course, it is unlikely that two samples would have exactly 
the same population characteristics even in a very strongly determined 
and patterned population (above). However, certain combinations of 
species could be expected to recur within a fairly small range of 
variation. Although such patterns are more likely to occur by chance 
than absolutely perfect patterns, they are still unlikely to occur 
solely by chance. 
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4.1.2 Method 
Cluster and Principal Co-ordinate Analyses were carried out as 
described in sections 3.1 and 3.2 and Appendix 3, except that the 20 
samples from each site were analysed separately. 
4.1.3 Results 
The complete results for each site are in Appendix 5, however, 
the results from site 2 and Candlagan Creek, which are presented here, 
are representative. These are also the sites investigated experimental-
ly (section 4.2). There were some patterns in the dendrograms produced 
by cluster analysis, however, few groups of samples were very strong 
(Figures 4.2 and 4.3). The levels of similarity at which samples fused 
were also very variable at both sites. In the Principal Co-ordinate 
Analysis, many co-ordinates were required to account for any substantial 
proportion of the total population variability (Tables 4.1 and 4.2). 
Five out of 20 principal co-ordinates were required to account for half 
the total variance and nine co-ordinates for 75% of the variance at both 
-
sites. The most important patterns were according to the time that 
samples were taken. 
4.1.4 Discussion 
These results agree with the conclusions from Chapter 3 and add 
weight to the earlier results by confirming the efficiency of the 
initial methods. The absence of any important patterns {apart from that 
due to the different times of sampling) again indicates that stochastic 
processes were predominant on the small scale. Neither analysis detect-
ed any pattern and few adjacent samples were very similar indicating 
that slightly larger patterns were not involved. This result probably 
applies to all scales close to that of the samples. Of course, little 
can be said about scales very different from the samples, however, more 
might be said after dispersal has been investigated in the next section. 
Movement is important when small patterns are considered. 
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TABLE 4.1 Values of samples on principal co-ordinate axes - site 2 
PRINCIPAL CO-ORD INATE 
NUMBER OF CO-ORDINATE I 2 3 4 5 6 7 B 9 10 
1 VARIANCE 22.3995 14. 7 5 0 I 11.7827 9. 4 OB 2 7 . 38 I 2 5. 496 2 4. 0 2 26 3. 6 09 4 3. 2148 2 . 9896 
SAMPLE 2 I A -0 . 1940 0.2898 0.0379 -0. 4284 0.0150 -0 . 0033 0 . 0979 -0. 3177 o. 3489 0. 15 19 
2 I R -0. 2378 0. 3099 0. 3 36 2 -0 . 0038 -0 . 0230 0.0331 -0 . 0997 o. 0447 0.0479 -0.0713 
2 I C - 0. 12 31 0. 39 5 4 0. 31 35 -0.0894 0.0684 0 .0730 -0.0984 0. 0 25 3 -0. 2474 -0.0898 
2 I 0 -0. 2124 o. 4048 0.0722 -0. 3585 0.0093 0 . 0 4 35 -0. 0306 -0 . 0729 0 . 00 21 -0 . 0002 
2 I E -0. 1865 o. 4130 0. 17 4 2 -0.1743 0. 079 I 0.0772 -0.0007 0 . 0969 -0. 2640 0. 0 216 
2 11 A 0.0904 0.2274 -0.4624 0. 28 3 2 -0.4839 0. 1918 -0. 2907 -0. 1308 0.0079 ·o. 009 2 
2 11 B -0. 2460 -0. 1438 -0. 3239 -0. 406 3 -0.3574 -0. 3160 0.0280 0. 37 39 0. 0 3 34 0.0768 
2 11 C 0. 3130 0. 28 9 7 -0 . )425 0. 16 06 o. 18 31 -0. 1092 0. 306 2 0.0020 0.0018 -0 .0089 
2 II 0 0.0846 0. 300 I -0.3594 0 . 3453 -0 . 145 2 0. I 00 3 -0 . 0234 0 .0823 0 .002 3 0. 06 20 
2 11 E 0. 406 2 0. 28 5 7 -0 . 2077 0. 2 36 6 0. 2 35 I -0. 1039 o. 2424 0.0322 0. 04 41 -0.0 456 
2 111 A 0.0116 -0.2127 0.5766 0. 3359 -0.4766 -0 . 330 I 0. 206 9 -0 .21 88 - 0. 1215 0.0445 
2 111 B 0.6019 -0.0117 0. 0 39 4 0. 04 14 0 . 2451 -0 . 19 18 -0. 11 OB -0.0341 -0.0110 -0 . 1336 
2 111 C 0.5065 -0. 4391 o. 117 0 -0. 2437 -0. 2159 0. 5 7 31 0. 298 5 0 .0642 -0 .016 7 -0.0802 
2 111 0 0.6723 -0. 3159 o. 105 2 -0.1409 0 . 0419 -0. 0745 -0. 225 3 0 .0 242 o. 0232 0.0816 
2 111 E o. 666 2 -0. 2704 0. I 09 4 -0. 136 I 0. 1240 -0.08 78 -0. 2271 -0.0058 0.0274 0 . 07 BI 
2 IV A -0.4486 -0. 4367 -0. 1926 0. 119 0 0.2425 0. 08 3 7 0. 0009 -0. 1426 -0. 1377 0. 3433 
2 IV B -0. 3885 -0 . 1505 0. 2 38 2 0. 29 0 5 0. 2327 0. 1148 0 . 0 0 36 0 . 2396 0.0537 0. 2148 
2 IV C -0. 4820 -0. 3860 -0. 2181 0.0698 o. 1799 0.0768 -0 . 1048 -0. 1830 -0 . 0250 -0 . 2590 
2 IV 0 -0. 3849 -0. 1375 0. 307 31 0. 3075 0.0140 0. 0 29 4 -0.0505 0. 17 08 0 . 34 31 -0. 18 31 
2 IV E -0.4488 - 0. 41 J 4 -0. 3205 -0.2083 0. 0 31 7 -0. 1799 0.0777 -0 . 0503 - 0. 1122 -0.2123 
PRINCIPAL CO -ORDINATE 
NUMBER OF CO-ORDINATE 11 12 1 3 14 15 16 1 7 18 19 
1 VARIANCE 2 . 104 7 1.8575 I. 7702 1. 6 38 7 I. 3797 1.3546 I. 2 2 2 4 1.1334 0 .00 00 
SAMPLE 2 I A -0 . 0018 0 . 06 2 2 0. 0 26 0 0. 06 39 -0. 0748 0. 0 19 4 0.0301 -0.0908 0. 09 3 3 
2 I B -0. 1582 -0. 2266 0. 0 I 7 9 0 .00 06 0. 11 17 0. 0 30 I -0. 2665 0 .017 I 0.0848 
2 I C -0. 1455 0.0044 0. I 006 0.0758 0 . 0 2 17 0 . 11 22 0. 1602 -0. 1852 -0 .08 39 
2 I 0 0. 146 7 -0.0899 -0. I B 15 -0 . 1382 0. 047 3 -0.0346 0. 0 311 0 . I 17 5 -0.217 4 
2 I E o. 1299 0. 176 4 0. OB 31 0 . 0166 -0.0624 -0 . 1357 -0.0002 0 . 1386 0. 165 2 
2 11 A -0 .0862 0. 205 7 - 0.0536 -0 . 0327 0.0963 -0.0043 -0.0278 -0. 0036 -0.0001 
2 11 B -0. 1592 -0.0149 0.0333 -0 . 0741 -0.0840 0 . 0 126 0.0276 0.00 12 -0.0020 
2 11 C -0.0028 0. 11 37 o. 1905 0. 06 I 0 -0.0120 -0.0153 -0. 1673 -0. 0035 -0. 1674 
2 11 0 0. 2220 
-0.2819 -0.0079 0 . 14 16 -0. 1568 0 . 0230 0.0566 -0. 0235 0.0347 
2 11 E 
-0 .0596 -0.0464 -0.0571 -0 . 2059 0. 1688 0 . 0484 0. 14 2 3 0.0129 0. I 3 37 
2 111 A 0.0450 -0 . 0029 -0.0093 -0 . 0415 -0.0413 0.0066 0 . 0066 0.014 7 -0 .009 8 
2 111 ll -0. 1995 0.0299 -0 . 2518 0 . I 05 5 -0. 177 6 - 0 . 11 3 I -0 . 0144 -0. 0000 0.0015 
2 111 C -0.057 4 
-0 . 0183 -0.0383 0. 0 14 7 -0.0184 0.0005 -0. 0057 0.0055 0.0017 
2 111 0 o. 1616 -0.0644 0 . 124 3 -0 . 0946 0. I 005 -0 . 1976 -0 .013 7 -0. 15 37 -0.0072 
2 111 E o. 07 39 0.0416 0.0740 0.0580 0.0092 0. 26 2 4 0.0032 0. 16 4 3 0.0025 
2 IV A -0 . 1988 -0. 1022 o. 0 25 2 0.0689 0 .0695 -0. 0797 0. 05 29 0.0808 -0.0275 
2 IV ll o. 1119 o. 16 07 -0. 1682 -0 . 0846 -0 . 0490 0.0887 -0. 087 3 -0. 1250 -0.0102 
2 IV C 0.0086 -0.03 16 0. 1215 -0. 226 3 - 0 . 19 I 3 0 . 0 36 8 -0.0200 -0.0 025 0.0128 
2 IV 0 -0.0073 0.0534 o. 09 15 0. I I 09 0.0643 -0 . 095 3 0 . 1266 0.0956 -0.0514 co 0 
2 IVE o. 176 5 0.0309 -0. 120 2 0 . 1804 0 . 17 8 4 0 . 0350 -0. 0341 -0 . 0605 0.0469 
TABLE 4.2 Values of samples on principal co-ordinate axes - Candlagan Creek 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE 1 2 3 4 5 6 7 8 9 I 0 
l: VARIANCE 17.2833 11.9910 11. 0754 8 . 7 188 7. 0 24 5 5. 77 I 3 5. 610 2 5. 306 7 4. 7 38 2 3. 6 4 88 
SAMPLE CAN 1 A o. 4744 -0.0682 -0. 0036 -0. 0060 0 . 005 I -0. 3295 -0. 2648 0 . 2 31 7 -0. 1799 0.0 44 2 
CAN I B 0. 26 31 -0 . 3924 -0.8163 -0. 0842 0 . 25 8 9 0. 08 3 3 0. 1321 0 . 0087 -0. 0716 - 0.0114 
CAN I C o . 4314 0.0692 -0.0496 0. 0 36 2 -0.4634 0. 205 5 0. 2430 0. 2 2 35 0 . 16 4 1 -0 . 0408 
CAN I D 0.5449 0. 05 39 0 . 2089 0. 08 28 0 . I 099 - 0. 1 38 7 -0 . 2021 0. 0 35 4 0.0273 -0.0739 
CAN I E 0.6091 0.0347 0. 2 26 6 0 . 19 35 0 . 206 4 0 . 2489 o. 0240 -0. 3142 0 . 206 7 o. 16 29 
CAN II A -0.0434 o. 2117 -0. 0995 -0 . 0609 -0. 2144 -0 . 3502 0 . 25 04 -0. 26 7 6 -0.0224 b. 0770 
. CAN II B -0.0192 o. 2413 -0 . 1651 -0. 2212 -0.0406 -0. 2448 -0 . 0548 -0. 0077 0 . 3237 -0. 1748 
CAN II C -0 .2731 -0. 1976 -0. 1234 0. 19 35 -0. 1685 -0.0582 -0. 27 47 -0. 1266 0. 05 4 3 0.0466 
CAN I I O -0. 1074 -0. 410 I o. 16 7 0 -0 . 1880 -0. 2299 0 . 0 74 3 -0.0833 -0. 0701 -0.0433 0.0320 
CAN 11 E -0. 1074 -0.4101 0 . 16 7 0 -0. 1880 -0. 2299 0 . 0743 -0 .08 33 -0 .0701 -0.0433 0.0320 
CAN Ill A -0. 3189 -0. 1945 -0.0703 0 . 3105 0. 0 35 6 0 . 0874 -0.0967 0.0886 0.0659 o.017 5 
CAN Ill B -0. 0 27 3 0.0140 0 . 168 7 -0. 4 36 9 0.0816 0 . 15 27 o. 1121 -0 . 0202 -0.0937 -0. 255 4 
CAN 111 C -0. 1454 -0.0832 0 . 28 9 3 -0. 1325 0. 199 3 o. 0211 0 .0944 o. 1121 -0. 1551 0.0952 
CAN Ill D -0. 2621 0. 2 36 2 -0. 0770 0. 132 2 0 . 0 2 31 0. 1988 -0. 2479 -0.0925 0.0224 -0.2740 
CAN Ill E 0.0245 -0.0608 0. 215 4 0. 26 08 0. 1319 -0. 1296 0. 2 35 5 - 0 . 17 25 -0.2417 -0. 2100 
CAN IV A -0.1406 0. 4 776 -0. 2379 o. 1604 -0. 1670 o. 112 3 -0. 0267 -0 . 1244 -0 . 2929 0. 1217 
CAN IV 8 -0.0111 0. 4 4 26 0 . 0109 -0. 1006 0 . 06 39 o. 180 3 -0 . 0645 0. 28 4 2 -0. 1114 0 . 0895 
CAN IV C -0. 2503 o. 1506 0 . 0031 -0. 376 7 0. 1806 -0 . 0255 -0. 0427 -0 . 0857 0. 119 7 o. 2619 
CAN IV D -0 . 2322 -0. 116 2 0 . I 300 1 0.2772 -0. 0277 -0.0842 0 . 2 36 3 0. 2 29 7 0.0548 0.0799 
CAN IV E -0 . 4092 0 . 0013 0.0559 0. 14 76 0. 245 I -0.0786 0. 11 39 0. 137 8 0 . 2166 -0.0201 
PRINCIPAL 1,0-0RDJ NATE 
NUMBER OF CO-ORDINATE 11 12 I 3 14 15 16 I 7 18 
l: VARIANCE 3.2359 2. 696 I 2. 3590 2. 16 5 6 I. 8 08 0 I. 7 4 46 I. 34 77 0.0000 
SAMPLE CAN I A -0.0681 -0 . 0451 o. 19 7 0 -0.0255 -0. 1106 -0. 1334 0. 0 25 8 0. 040 I 
CAN I B -0. 0298 -0. 0260 -0.0634 -0.0188 0. 0 314 0 .019 2 -0.0239 -0 . 0045 
CAN I C -0. 13 36 0.1501 -0.0063 0.0853 -0.0992 0 . 0139 0.0256 o.0156 
CAN I D 0.0023 o. 1440 -0. 1428 o. 11 25 0 . 2 38 2 0 . 1196 -0 . 1009 -0 . 0181 
CAN I E o. 06 21 -0 . 1352 0 . 08 5 4 -0.0631 -0.0609 -0.0370 0 . 0008 -0 . 0006 
CAN I I A 0.0186 o. 089 3 0.0456 -0. 1882 o.0196 0.0557 -0 . 1377 0.0856 
CAN 11 B o. 2124 -0. 1276 -0. 1160 0. 0 25 9 -0.0817 -0.0626 0.0557 -0. 1217 
CAN I I C -0.0937 -0 .0899 0.0668 0. 04 15 -0 . 0960 0. 28 2 2 0.0867 -0 .02 09 
CAN I I D o. 04 71 -0 . 0735 -0. 1033 -0 . 0061 0.0534 -0.0791 -0. 0107 0.0480 
CAN 11 E 0.0471 - 0.0735 -0. 1033 -0 . 0061 0 . 0534 -0. 0791 -0.0107 0.0480 
CAN Ill A o. 3190 o. 3246 0 . 1118 -0.0622 -0 . 0041 -0.0498 0 . 0092 -0. 0155 
CAN Ill B o. 07 41 -0.0235 0 . 3051 0 . 04 4 I 0.0682 0.0947 0 . 0041 -0.0129 
CAN !!! C -0 .0103 0.0457 -0. 1166 0 . 016 3 -0. 2448 0 . 0645 -0. 1817 -0. 1300 
CAN III D -0 .2720 0.0317 -0. 0231 -0. 1556 -0.0133 -0 . 105 3 -0. 1037 -0.0135 
CAN Ill E - 0. 0291 0.0601 -0 . 1296 0 . 0 2 26 -0.0573 -0 . 0248 0. 2 2 20 0 . 0219 
CAN IV A 0.0949 -0.0867 0 . 0237 0 . 2 37 2 0.0474 -0 . 0776 -0.0433 -0 . 0507 
CAN JV B o. 1198 -0.0933 -0. 1 314 -0 . 2004 0 . 0234 0. 106 5 0. 1016 0. I 08 3 
CAN JV C -0. 2157 o. 2160 o. 0091 0.0543 0.0577 -0.0588 0. 1480 -0.0315 CXl 
CAN IV D 
-0. 1065 -0.1796 0.0745 -0 . 1007 0 . 196 2 -0.0255 0.015 I -0.1636 ,_. 
CAN IV E -0. 0385 -0. 1074 0.0168 0. 187 1 - 0. 0211 -0. 0234 -0.0820 0 . 2160 
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It is also possible that sampling was insufficiently intense to 
detect a complex pattern in population characteristics. However, it is 
not possible to estimate the number of samples needed to detect a 
pattern without testing the statistical significance of population vari-
ation between different samples. To do this, one must evaluate the 
variability within samples, which requires a still smaller scale of 
sampling. It is also difficult to estimate the number of samples needed 
to detect a pattern without some notion as to the cause of the population 
pattern. The most prominent factors which are likely to cause a pattern 
in population characteristics on the small scale are mangrove leaves, 
roots and pneumatophores, pools of surface water, patches of algae and 
crab holes. Undoubtedly, there are also many other factors which may 
have influenced population characteristics (section 1.4.la). 
Nevertheless, the most prominent factors were covered by at least 
several samples at each site and so groups of quite similar samples 
would be expected if any had a strong influence on population 
characteristics. That no patterns were detected is, of course, subject 
to the limitations of the sampling- method and schedule (Chapters 2 and 
6), but suggests that stochastic processes are important on the small 
scale. However, this hypothesis must be more tentative than if a 
positive pattern had been found. The small scale population processes 
are investigated further in the next section. 
The importance of changes in population characteristics over 
time must be emphasised again, although nothing can be said about these 
changes without more than one years data. Temporal changes are discussed 
later in Chapter 6 in the light of all other results. 
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4.2 EXPERIMENTAL SIMULATION OF FIELD PROCESSES 
4.2.1 Introduction 
The statistical analyses of the field data all indicated that 
stochastic processes controlled population characteristics on the small 
scale. This analysis was not, however, totally unequivocal so an exper-
iment was designed to test whether deterministic or stochastic processes 
were more important on the small scale. The different processes can be 
distinguished by following the fate of a known homogeneous population 
from a large area after being introduced into defaunated but otherwise 
intact sediment. If stochastic processes control the population charac-
teristics then the initial homogeneous population should remain 
homogeneous in colonising the defaunated sediment. The populations in 
newly colonised areas should be random assortments of the original, 
introduced population. If the population characteristics are controlled 
by deterministic processes, however, there should be patterns in the 
distribution of animals. Dispersing animals should segregate into groups 
according to whatever factors are important. If taken from a large 
enough area, the initial population should include representatives of 
species from different small patches which should re-separate when 
allowed to disperse through relatively undisturbed sediment. 
Greater understanding of how and why the particular processes 
operate can be gained from examining how the nematodes disperse. When 
stochastic processes operate, species typically occur unpredictably. o~~~h 
~~ ... + 
+o,+~;s,,."1h all available habitat is not colonised well. However, if the 
population characteristics are determined strongly by some environmental 
factor, then efficient dispersal is expected to quickly colonise all 
available habitat. Many different patterns of dispersal are possible. 
Many individuals may disperse slowly or only a few disperse more quickly. 
Animals may disperse constantly or only when conditions deteriorate 
where they are. The potential for population increase may be low so 
that, even after suitable habitat has been found, the population builds 
up slowly or only certain stages of the life cycle may disperse. 
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Examining these aspects of disperal should give further insight into why 
M -H,e.y k 
}1\4.. +wo ol.i'.ffe.v-a ... + processes operate hin estuarine 1 ittoral nematode 
communities. 
4.2.2 Method 
A concentrated solution of the nematodes from the fine mud of 
site 2 in the Hunter estuary was introduced into a 5 cm radius circle in 
the centre of an experimental tray which contained a uniform layer of 
drained and defaunated sediment, also from site 2. After the inoculum 
had infiltrated into the mud, but before the tray was initially inundat-
ed, a set of samples was taken. One sample was taken at 5, 15 and 30 cm 
from the centre a little anti-clockwise of each of the 4 half-diagonals 
(see diagram under Table 4.4). Subsequent sets of samples were taken 
after 34 days (a little clockwise of the diagonals), 64 days (a little 
clockwise of the 30 day samples) and 93 days (a little anti-clockwise of 
the initial samples). Nematodes and mud from Candlagan Creek were used 
in a similar experiment. Both experiments ran from October to January. 
4.2.3 Results 
Statistical assessment of results was precluded by low animal 
densities in the peripheral samples and limited replication, but several 
clear results emerged for both types of mud. Despite considerable 
variation in the occurrence of each species throughout the experiment 
(Table 4.3), all species were largely confined to the inoculated area at 
the start (Table 4.3} and then dispersed outwards without directional 
bias (Table 4.4). Dispersal was generally slow but the rate varied 
somewhat between species (Figures 4.4 and 4.5), and a few individuals of 
SpiPinia sp., ThePistus sp., DesmodoPa cazca and lJiplolaimelloides sp. 
(a generally uncommon species) appeared at the periphery of the tray 
before day 34. Adult females and occasional males of all species except 
D. cazca and SabatiePia sp. eventually colonised all the tray uniformly. 
Juveniles of SpiPinia sp., ThePistus sp., PaPodontophoPa sp. and some less 
common species were also present throughout the trays. 
TABLE 4.3 Dispersal of frequently occurring nematode species 
DAY D DAY 34 
Distance 5cm 15 cm 30 cm 5 cm 15 cm 30 cm 
Species 
Hunter River Site 2 Mud 
Desmodoro. cazca 93 71 51 89 1 49 59 27 67 17 5 9 5 
Sabatieria sp 25 21 34 17 18 21 6 9 2 7 4 
Spirinia sp 11 19 6 12 2 1 9 3 12 7 3 3 7 1 
Tripytoides sp 5 2 17 6 1 4 1 6 2 3 
Others 22 5 3 1 3 2 1 1 3 1 1 2 13 
Candlagan Creek Mud 
Spfrinia s p 28 8 43 21 2 1 2 3 4 10 8 3 1 1 1 l 2 
Theristus spp . 2 7 6 10 2 5 7 7 7 5 6 5 2 1 3 
Gorrrphionema sp 3 6 7 6 8 l 3 2 2 
Parodontophoro. sp 4 4 l 3 
Ptycholaimellus sp 3 1 I 1 3 1 3 
Others 8 2 3 2 1 3 6 2 1 8 3 3 l 2 
DAY 64 DAY 93 
Di sta nce 5cm 15 cm 30 cm 5 cm 15 cm 30 cm 
Species 
Hunter River Site 2 Mud 
Deamodoro. ca.aca 2 2 3 3 2 3 1 2 3 2 l 2 2 2 1 2 2 2 
Sabatieria sp 2 l 1 2 2 1 1 1 2 1 1 1 0 1 4 
Spi rinia sp 1 2 1 1 1 4 2 1 1 2 1 1 2 
Tripyloidea sp 4 2 2 1 2 7 1 1 l 2 2 
Others 3 2 1 3 2 4 2 3 2 
Candl agan Creek Mud 
Spirinia sp 2 4 3 3 5 4 1 1 4 3 4 1 4 1 1 1 4 1 3 
Theriatua spp. 3 3 2 1 1 I 2 3 4 4 1 3 1 1 1 (X) 
u, 
Gomphionema sp 2 3 l 3 1 2 3 1 I 1 1 1 1 1 3 
Pa ,..odontophom sp 2 3 2 I 1 1 1 2 4 4 2 3 1 
Ptycholnimeliun sp 1 3 3 4 I 2 1 I 4 3 1 I 1 2 
Others 3 7 I 3 I I 4 I 3 2 
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TABLE 4. 4 Gross Directional Movement 
Position of Population Centre (Angle in degrees)* 
Time 0 34 64 93 
SPECIES 
Sites 2/8 
De smodor>a cazca 23 34 90 0 
Sabatier ia sp. 
-159 94 45 175 
Spi -rinia sp. 87 -148 54 -167 
Tr>ipyloides sp. 
-153 94 66 6 
Candlagan Creek/Clyde River 
Spi -rinia sp. 
-178 -135 65 75 
Ther i stus spp. 
-159 126 -90 -108 
Gomphionema sp. 
-135 56 -169 - 11 
Par>odontopho -ra sp. 82 79 177 -103 
Ptychol aimellus sp. 27 -135 -135 0 
* Calculated by defining all samples according to the coordinate system 
shown below and then averaging the coordinates of all individuals of 
a species. Zero angle is the positive x-axis. 
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The variations in abundance of most species were relatively small 
and most species were present in most samples. There were no obviously 
strong groupings of samples with similar population characteristics 
although surface depressions and elevations, patches of filamentous algae 
and areas of black, anoxic mud all appeared on the sediment surface. 
However, most of these features were ephemeral. 
4.2.4 Discussion 
The appearance and changes of the features mentioned in the last 
paragraph indicates that the experimental system was functioning at 
least partially as in the field. The ability of at least some species to 
breed also attests to some similarity between the field and experimental 
situations. Abnormal stresses should not have been exerted by population 
density either. Although the initial densities were quite high they 
were still within the range observed in the field as were the later, 
lower densities. The small area of sediment disturbed by sampling 
should also have had little impact on the rest of the populations. All 
these similarities of the experimental system to the field situation 
imply that the experimental results should be relevant to the field 
populations. 
The lack of any repeated patterns in population characteristics 
in any case r:ot ,-11, wiff.the hypothesis gleaned from the field data that 
stochastic processes primarily control population characteristics on the 
small scale. The variation in population characteristics is also 
similar to that in the field even though the introduced populations were 
originally homogeneous. As with the field data, the criticism remains 
that not enough samples were taken to detect a complex pattern. While 
this criticism cannot be answered without enormous sampling effort, any 
simple pattern should have become evident in the simplified experimental 
situation and shown up within three months, the sampling interval for 
the field data. Although there were no simple patterns in population 
characteristics and probably no complex patterns, the conclusion that 
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the species occurred in a stochastic manner is not statistically verifi-
able because no species was sufficiently abundant. Also, the pattern of 
sampling was not random or replicated sufficiently to allow valid 
statistical tests. 
The apparently random dispersal of the species also supports the 
conclusion that stochastic processes control population characteristics. 
Consistent, directed migration was unlikely to be important because no 
strong aggregations of species, or consistent directional preference in 
migration were apparent. The species were also not found entirely 
uniformly, as would occur if there were some form of spacing behaviour 
or avoidance mechanism. Abnormal stresses were unlikely to be instigat-
ing migration for the reasons discussed above. Random movement, however, 
is very likely to cause slow spread and eventual colonisation of the 
entire experimental system as was observed. 
Two methods of dispersal were probably involved. Some animals 
were probably transported while suspended in the water column or 
attached to shifting sediment particles. The few individuals of 
SpiPina sp. and ThePistus sp. and some less common species which were 
found outside the area of introduction after only 1 hour (time 0, Table 
4.3) probably travelled in this way. It is unlikely that they represent 
contamination of the defaunated sediment: any contamination should have 
been uniform over all the sediment and no animals were found in the 
peripheral samples in either tray. Also, the rapidly dispersing species 
were the same in both experiments - mainly SpiPin-ia sp. and the otherwise 
uncommon Diplotaimelloides sp. Exactly the same species escaping is 
unlikely if the inoculum were escaping from the centre of the tray. 
However, colonisation of the tray was generally much slower than the 
high rates suggested by the early observations of these few species, and 
so it appears that movement in the water column is not the major form of 
dispersal. 
Most species did not colonise the entire tray until day 64, 
probably did so mostly by moving through the sediment. The species 
which dispersed most slowly probably did not disperse by suspension 
a 11. D. cazca is a relatively inactive species normally living deep 
the mud and Sabatieria sp. probably also lives low in the sediment 
( w. L. Ni cho 1 as pers. comm.). 
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It is widely accepted that nematodes can disperse in both the 
water column and the sediment (Chandler and Fleeger 1983; Gerlach 1977; 
Hagerman and Rieger 1981). However, the speed and relative importance 
of water-borne dispersal seems to depend on how much and how often 
sediment is suspended and the ve 1 ocity of 1 oca 1 water flows. In North 
America, defaunated sediment from both littoral and sub-littoral salt-
marsh muds were rapidly colonised by suspended nematodes where water 
flows were considerable (Hagerman and Rieger 1981; Sherman and Coull 
1980). However, sub-littoral nematodes from a quiet estuarine salt-
marsh were transported poorly in the water column, leaving a 15 x 28 cm 
-
area of mud still relatively depopulated compared to surrounding con-
trols even after 29 days for recruitment (Chandler and Fleeger 1983). 
Conditions of water flow and sediment grain size in my experiment were 
generally similar to those in the estuary studied by Chandler and 
Fleeger (1983). Nematode dispersal, by whatever means, was similarly 
slow. The experimental conditions should also be similar to those in 
the field. Mangroves typically occur in sheltered estuaries where 
shallow water, protection from wind and waves and sediment-trapping 
pneumatophores all limit erosion and redistribution of sediment 
(Galloway 1982). Both Fullerton Cove and Candlagan Creek are typically 
quiet. Thus the slow rates of dispersal observed in this experiment, in 
either type of mud and by whatever means, should at least approximate 
the field situation. Tidal flows may increase the rate of dispersal or 
direct migration, however, their effect must remain unknown since the 
experimental system only very crudely approximated tidal effects. 
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The rate of dispersal was nevertheless rapid enough to eliminate 
the possibility of there being patterns on a scale too small to be 
distinguished. Any patterns on scales much smaller than the sample size 
would apparently be subject to considerable immigration and probably 
also emigration. This would seem to preclude any sort of population 
stability over time and indicate that populations are constantly randomly 
mixed. 
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CHAPTER 5 
POPULATION PROCESSES ON THE MEDIUM AND LARGE SCALES 
5.1 THE STRENGTH OF DETERMINISTIC PATTERNS 
5.1.1 Introduction 
On the medium and large scales of sampling, one or a few key 
factors seemed to detennine most of the population characteristics of 
the samples at each site; the stochastic variation appeared to occur 
primarily on the sma 11 seal e ( Chapter 3 and 5). To confi nn that little 
of the stochastic variation occurred on the medium and large scales, the 
total populations in all the samples at each site were compared. Using 
the same methods for this analysis as were used for the analysis of the 
individual samples should also allow the results of the two analyses to 
be compared. Analysing the total populations at each site should also 
clarify the patterns in population characteristics among the sites. 
With most of the population variability due to small scale stochastic 
processes eliminated by adding the individual samples together, the 
medium and large scale patterns should be very clear. The patterns 
should also account for most of the variance if the detenninistic 
patterns are indeed predominant on the medium and large scales and 
little stochastic variation occurs. 
5. 1. 2 Method 
Using the total density of each species at each of the nine 
sites, cluster and Principal Co-ordinate Analyses were carried out as in 
Chapter 3. 
5. 1. 3 Results 
The dendrogram produced by cluster analysis (Figure 5.1) clearly 
indicates the strong relationship of population characteristics at each 
site to the grain size and oxygen penetration characteristics of the 
sediment - the same factors which were identified earlier. The principal 
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FIGURE 5 .1 RELATIONSHIPS AMONG THE TOTAL POPULATIONS AT EACH 
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co-ordinates were also very similar to the most important co-ordinates 
in the analysis of the individual samples (Table 5.1; Figures 5.2 -
5.5). The first three co-ordinates accounted for more than 50% of the 
total variance. 
The presence of very strong patterns in the population charac-
teristics supports the earlier contention that deterministic processes 
control the overall population parameters at each site. The primary 
importance of oxygen penetration and grain size of the sediment were 
confirmed by both the cluster and Principal Co-ordinate Analyses. 
Although the cluster analysis shows this most clearly (Figure 5.1), the 
Principal Co-ordinate Analysis gives perhaps the more significant 
results because the most important co-ordinates are nearly identical to 
those generated when considering the samples individually. However, the 
elimination of the small scale stochastic variation has made the 
patterns much clearer. The contributions of the sites to the first 
co-ordinate are again related to the oxygen penetration, packing, grain 
size and organic content of the sediment (Figure 5.2). The co-ordinates 
of the well-oxygenated, loosely packed and organically rich silts of the 
Clyde River and site 2 are highly positive. The less oxygenated site 10 
and Candlagan Creek, where the sediment is sandier, harder packed and 
less organically rich, have smaller positive co-ordinates. The very 
sandy, hard, organically poor sites 6 and 8 are just on the positive 
side of O and the clayey site 11 has a small negative co-ordinate. 
Finally, sites 3 and 4 with very hard clay sediments have highly 
negative co-ordinates. 
The second principal co-ordinates has a similar trend except 
that the organically poor sites {6, 8 and Candlagan Creek) have highly 
negative co-ordinates and the most organically rich sites (the Clyde 
River and sites 2 and 4) have highly positive co-ordinates (Figure 5.3). 
The third co-ordinate seems to relate to surface water as well as the 
grain size characteristics of the sediment (Figure 5.4). Site 11 has a 
TABLE 5. l 
% Variance 
Proportion of Variance of Principal Co-ordinates - Total Site Populations 
Principal Co-ordinate 
2 3 4 5 6 7 8 
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hard, clayey sediment which becomes very dry during low tide whereas the 
most contrasting sites (Candlagan Creek and sites 3, 4 and 6) all retain 
considerable amounts of residual water in pools on the surface during 
low tide. The fourth co-ordinate distinguishes the two south coast 
estuaries (highly negative) fran the Hunter estuary (near zero or 
positive) (Figure 5.5). Why the contrast between the two south coast 
estuaries and site 10 in the Hunter estuary is particularly marked is 
not clear. Apart from greater detail, these co-ordinates, together 
accounting for almost 65% of the total variability in population 
characteristics, represent basically the same factors as were emphasised 
by earlier analysis. The greater part of the variation is related to 
these factors. That so much of the variability can be attributed to 
these factors is a good indication that the samples did well represent 
the true populations at the sites. 
Ignoring the fourth co-ordinate representing the changes in 
population characteristics between the different estuaries, the three 
main principal co-ordinates can display the major relationships between 
the sites on a 3-dimensional graph (Figure 5.6). This graph shows very 
clearly how closely the population characteristics relate to the main 
environmental factors. It also provides a clear basis for interpreting 
the clustering of the sites, again verifying the overwhelming importance 
of deterministic processes on the mediun scale. 
5.2 SPECIES Ilv'I'ERRELATIONSHIPS 
5.2.1 Introduction 
As mentioned earlier, any of four different mechanisms may pro-
duce the observed patterns in population characteristics fran their 
ultimate environmental cause. These mechanisms are competitive networks 
or guilds of co-adapted species, selective predation, interspecific 
competition or direct physiological effects of the environment (section 
1.3). A way to distinguish which mechanism is likely to be operating in 
the field is by examining how the distributions of the different species 
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were related. The different mechanisms should produce distinct relation-
ships between the species. Co-adapted species should nearly always occur 
together and hence fonn distinct groups in a cluster analysis of the 
species. In a Principal Component Analysis such groups of co-adapted 
species should be represented by important axes. The co-adapted species 
should have high, uniform contributions and all the other species should 
have contributions close to zero because their distributions should have 
no consistent relationship to the distribution of the co-adapted group. 
If certain species competitively exclude others from the same area, the 
distributions of the species should be complimentary. Although the 
species should seldom occur together, the competing species or group 
need not necessarily be present whenever the complementary species does 
not occur. Both species or groups may be excluded by a third species or 
group. Although this may produce a confusing pattern in the dendrogram 
of a cluster analysis, in a Principal Component Analysis the competing 
groups should bunch at the opposite ends of one or more axes. If the 
environment or predation were directly affecting the distribution of 
-
species there should be no very strong patterns in species 
distributions. There may be some pattern, however, if the distribution 
of several species were all affected very similarly by the same factor. 
5.2.2 Method 
Cluster and Principal Component analyses were carried out on the 
total density of each species at the nine sites as described in Chapter 
2 and Appendix 3. 
5.2.3 Results 
There was no very strong overall pattern in the cluster analysis 
(Figure 5.7). However, many species had very similar distributions and 
so grouped very tightly on the dendrogram. These tightly grouped species 
( eg. Antomfor>on sp. and DipZopeZtis sp.) were generally very rare 
species which happened to occur at very low densities at the same site(s). 
Species occurring at slightly higher densities and more sites gradually 
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joined these rare species. Most species were grouped in this way. 
However, several groups of species with distinctive distributions were 
identified (Figure 5.8). Even these most distinct species groups had 
distributions more than 60% similar. 
Three principal component axes accounted for almost 95% of the 
total variance in species distributions (Table 5.2). Only six species 
(of the 89) made important contributions to these axes. TPipyloides sp. 
and Desmodom cazca made a positive contribution to the first axis, 
MonhystePa sp. and Diplolaimelloides sp. a negative contribution (Figure 
5.9). Monhyster>a sp. and Diplolaimelloides also made important contri-
butions to the second axis, however no other species were involved. 
TePschellingia longicaudata and SabatiePia sp. were the only species to 
make important contributions to the third axis. 
5.2.4 Discussion 
The lack of any pattern in the distributions of most species in 
the cluster analysis, plus the contribution of only a few species to the 
important principal component axes, indicates that groups of co-adapted 
species are not important in determining population characteristics. 
Competition was also unlikely to be important. Apart from the first 
axis, only two species made major contributions to each axis and these 
contributions were similar, not opposite in sign. The rest of the 
species made almost no contribution. Even though Monhyster>a sp. and 
Diplolaimelloides sp. made opposite contributions to the other species 
on the first axis, their contributions to the second axis were much 
greater, indicating that much of their distribution is independent of the 
distribution of TPipyloides sp. and Desmodor>a cazca. The independent 
nature of the distributions of these two species pairs is emphasised on 
the 3-dimensional plot (Figure 5.9). 
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TABLE 5. 2 Proportion of Variance of Principal Components - Total Site Populations 
Principal Component 
2 3 4 5 6 7 
% Variance 50.5 31.8 12.5 2.5 1.8 0.6 0.3 
8 
o. l 
...... 
0 
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FIGURE 5 .9 POSfTk)N OF MOST PROMINENT SPECIES IN THE SPACE OF THE FIRST THREE PRINCIPAL COMPONENTS 
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That cluster analyses emphasise very similar species groups to 
the Principal Components Analysis indicates the strength of the pattern. 
Beyond indicating that a few other species may also have important 
distributions, little can be added to the discussion of the principal 
components. 
The way that the important species are grouped is discussed 
later (section 6.2). However, all these results can dnly indicate what 
is likely to be occurring in the field, hence the detail of how the 
deterministic processes operate is investigated experimentally in the 
next section. 
5. 3 DETERMINATION OF POPULATION CHARACTERISTICS IN THE LABORATORY 
5.3.1 Introduction 
Although deterministic processes controlled nematode population 
characteristics on the medium scale in the field, any of four different 
mechanisms may have been involved; competitive networks or guilds of 
co-adapted species, selective predation, interspecific competition or 
the environment (section 1.4). However, there were no strong groupings 
of species always occurring together as a competitive network or guild 
(section 5.2), nor were there any strong associations between nematode 
predators and any prey species (section 5.2). Little is known about 
selective predation by macrofauna. For the purposes of this experiment 
both these possible mechanisms are ignored and this experiment 
investigates the influences of only competition and the environment on 
nematode population paramaters. 
5.2.2 Method 
Two identical experimental trays were used, each containing a 
2 square by 3 square chequerboard pattern of defaunated muds froo, sites 
2 and 8. In one tray the nematodes extracted from both muds were 
reintroduced into the two squares of mud at one end of the tray. 
However, the nematodes from site 2 only were reintroduced into the 
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equivalent squares of the other tray. Three months later two random 
samples were taken from each square of mud. Three months should be ample 
time for the animals to disperse (section 4.2). Random co-ordinates 
were chosen from a table of random numbers {Fisher and Yates 1957) and 
located using a wire mesh overlaying the tray which divided each square 
into a 10 x 10 unit grid. The distribution of the frequently occurring 
species in the trays was compared by an Analysis of Variance after 
transforming the densities of each species in each sample by taking the 
square root. The rationale of this procedure to make the data 
approximate a normal distribution is discussed later. A similar 
experiment was run concurrently using muds fran the Clyde River and 
Candlagan Creek sites. The Candlagan Creek nematodes were used alone. 
These two combinations of sites were chosen because the members of each 
pair were quite faunistically distinct so the effect of whatever is 
causing the differences in population characteristics is likely to be 
strong. Relatively few species were shared within the pairs of sites 
and most of the species in common normally occurred at very disparate 
densities. 
5.3.3 Rationale of Method 
If the sedimentary environment affects the nematode populations 
directly, there should be no difference in the distribution of nematodes 
in the trays of each pair because the mud environments of each were, as 
far as possible, identical. However, if competition controls the distri-
bution and abundance of the frequently occurring nematode species, the 
distribution of nematodes in the two trays should be different: the 
indigenous species should competitively dominate the immigrant species 
when both are present, but when the nematodes from only one site are 
present, these species should colonise both types of mud without 
competitive impediments. 
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5.~.4 Results 
Most species occurred very sporadically. However, a few species 
occurred frequently enough in both trays of each pair to compare densities. 
The densities of these species varied considerably among samples (Table 
5.3). However, which other species were present did not affect the 
distribution of any frequently occurring species in the trays of either 
pair (Table 5.4). The species present also had no significantly 
different effect on any species density in the different mud types in 
either experiment (there was no interactive effect of mud type and the 
origin(s) of the nematodes present). However, in the experiments on 
sites 2 and 8, both D. cazca and SabatiePia sp. were significantly more 
numerous in their local sediment, although not entirely restricted to 
it. A similar trend was apparent in SpiPinia sp., ThePistus spp. and 
Gomphionema sp. in the Candlagan Creek/ Clyde River experiment (Table 
5.4), but the differences in density between the two sediments were 
never statistically significant (Table 5.4). The density of 
Molgolaimus sp. did n9t differ consistently between the two 
sediments. There were no consistent differences in the density of any 
frequently occurring species between the squares into which nematodes 
were introduced and those they were not, although this could not be 
tested statistically. The density of the abundant species was never 
significantly correlated between the two replicate samples within each 
square. Occasional individuals of species from the sites whose fauna 
were not introduced alone were found in both sediments of each tray. 
5.3.5 Discussion 
The nature of the mud environment rather than interspecific 
competition limited the distribution of both D. cazca and SabatiePia sp. 
in the site 2/8 experiment. Competition was also unimportant in deter-
mining the distribution of the Candlagan Creek nffilatodes Sp~inia sp., 
The,..i,stus spp., Gomphionema sp. and Molgolaimus sp. However, the mud 
envirorvnent had no statistically significant effect on any of these 
TABLE 5.3 Densities of abundant species in competition experiments 
Species Feeding Nematodes Mud NlJ'Tiber of Animals per Sample Mean 
Category Present Type Square Number (replicate num ber) Density 
l ( l) (2) 2( l) (2) 3( l ) (2) 
Desmodoro cazca 2a 2 2 18 18 14 21 20 14 17. 5 
8 7 6 l 5 5 2 4.3 
2 and 8 2 19 14 6 16 8 19 13. 7 
8 2 3 2 5 0 6 3.0 
I 
Sabatieria sp . lb 2 2 11 10 4 8 9 14 9. 3 
8 0 1 2 3 5 0 3. 3 
2 and 8 2 6 21 19 12 7 13 13 . 0 
8 4 2 0 l 0 1 2. 7 
Spi r i nia sp . 2a Ca ndl agan Ck Cand. 0 10 8 3 9 6 6.0 
Clyde 2 4 0 0 5 3 2.3 
Ca nd. & Clyde Cand. 3 8 0 2 7 9 4.8 
Clyde 2 4 0 0 1 4 2.3 
Theristus spp. lb Ca ndl agan Ck Cand . 9 9 6 1 4 11 6 .7 
Clyde 0 2 l 7 4 2 2. 7 
Ca nd. & Clyde Cand. 0 4 6 10 2 6 4. 7 
Clyde 3 2 4 4 3 0 2. 7 
Corrrphionerrn sp. 2a Ca ndlagan Ck. Ca nd. 6 5 0 9 5 0 4. 2 
Clyde 0 0 3 l 1 l l. 2 
Cand. ~ Clyde Ca nd. 9 0 2 4 6 7 4.7 
Clyd e 0 0 0 4 4 6 2. 3 
Molgolaimua sp. 2a Ca ndl agan Ck. Cand. 2 0 5 0 2 0 l. 5 
........ 
........ 
Clyde 2 2 5 0 2 0 3.0 N 
Ca nd. & Clyde Cand. 5 0 4 8 0 3 3.3 
Clyde l 0 l 3 0 6 1.8 
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TABLE 5. 4 Statistical Effects of Factors in Competition Experiments 
Source of Variation Species Present 
Species 
Desmodor>a cazca 3. l 
Sabatier>ia sp. 0.3 
Spir>inia sp. o.o 
Ther>istus spp. 0.4 
Gomphionema sp. 0.3 
Molgolaimus sp. o.o 
F-Ratio 
Mud Type 
56.2 * 
48. 7 * 
3.4 
4.0 
3.3 
o. l 
Species Present 
& Mud Types 
o.o 
1.0 
0.2 
0.7 
0.7 
2.0 
* - indicates statistical significance, P < 0.05 (df=l, 20) 
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species despite a trend toward higher densities of the first three 
species in their local mud. It is possible that this trend occurred 
purely by chance, but it is unlikely that three species should be 
similarly affected. Any effect of the mud environment may have been 
obscured by the variation in the densities of all four abundant species, 
even between samples from the same square. Such variation, also observ-
ed in the dispersal experiment (section 4.2) and in the field (section 
3.1), was probably an indication of the stochastic processes which 
randomly mix species on a small scale. 
The lesser effect of the environment in the Candlagan Creek/ 
Clyde River experiment seems most likely to reflect less ecological and 
faunal distinctness between the sites. The Candlagan Creek and Clyde 
River estuaries shared more species in common than sites 2 and 8. 
Although much more abundant at Candl agan Creek, some Spir>inia sp., 
ThePistus spp. and Comphionerrr:z sp. were also found in the samples from 
the Clyde. Notably, MolgoZaimus sp., which showed no consistent 
differences in density between the Candlagan Creek and Clyde River muds 
in the experiment, was similarly abundant at both field sites. However, 
D. cazca, which occurred at very disparate densities in the experiment, 
was abundant at site 2 but totally absent from site 8. SabatiePia sp., 
which also differed greatly in density between the experimental muds, 
was abundant at site 2 but very rare at site 8. 
There are many alternative and perhaps additional explanations 
for the lack of any significant effect of the environment in the 
Candlagan Creek/Clyde River experiment. The sedimentary environment(s) 
in the experiment may have been changed by the defaunation process. 
Although such changes cannot be entirely ruled out, it seemed unlikely 
that they were of much importance since all the species used for com-
parisons were abundant and seemed to survive and disperse quite well 
during this experiment, as they did in the other laboratory experiment 
(section 4.2). The absence of macrofauna could be more important at 
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Candlagan Creek and the Clyde River. However, there seems no obvious 
reason why this should be so. It is also possible that some environ-
mental factor which is not associated with the sediment may be the 
primary cause of distributional patterns of the species from the 
Candlagan and Clyde estuaries and that the sedimentary environment is 
only a secondary, weak influence. However, it seems unlikely given the 
strong parallels between the patterns in the field populations and the 
sediment characteristics. 
The probable feeding habits of the species in this experiment 
may be of importance. Alongi and Tietjen (1980) observed competition 
between two nematode species classified as selective deposit feeders by 
Wieser (1953) and Boucher (1973). However, all of the abundant species 
in my experiment were in other feeding categories (Table 5.3), and were 
generally representative of the species which were abundant in the 
field. Alongi and Tietjen found that an epistrate feeder, similar to 
several species in my experiment, did not compete with selective deposit 
feeders, and some consider that competition is important only between 
selective deposit feeders (Tietjen 1977; Tietjen and Lee 1977). As 
selective deposit feeders were not overwhelmingly abundant at any of the 
sites, it seems that if selective deposit feeders do compete, this is 
unlikely to be very important in determining the characteristics of the 
entire population. 
Although the conditions of Alongi and Tietjen's (1980) experi-
ment were more rigorous than the present experiment, it is not clear how 
similar their conditions were to the field. One species of chlorophyte 
alga and two species of bacteria were used in a closed, confined 
environment with only three species of nematodes present. The condi-
tions in my experiment should be more comparable to the field. However, 
they were not totally similar to field conditions: the normal tidal 
cycle and macrofauna were absent, and the densities of animals were a 
little lower than normal for the field. Time and equipment limitations 
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and the inefficiency of extraction procedures prevented a closer approach 
to reality in these aspects. However, the densities of D. cazca and 
Sabatier>ia sp. overlapped somewhat between the field and experimental 
samples from their local muds. Although the other species were always 
less dense in the experiment than in the field, their densities all came 
within about two individuals per cm2 of the field samples. The absence 
of macrofauna and tides may limit the generality of the present results, 
however, the major result that sediment affects distribution remains. 
Macrofaunal and tidal influences may have made the species distributions 
closer to those in the field, but the experimental distributions in this 
experiment were still qualitatively the same. 
The species may compete at higher densities, but, there is no 
evidence that the species are competing at the present densities. If 
competition does occur, it would be unlikely to be effective until much 
higher densities were attained, unless there is some sort of threshhold 
effect at which competition suddenly becomes intense. This seems 
unlikely. 
Which component of the environment caused the differences in 
density of D. cazca and Sabatier>ia sp. is not certain. Although the 
sediment grain size is the most obvious difference between the sediments 
in each tray pair, many other ecological factors are associated with 
grain size (section 1.4). However, whichever environmental factor 
caused the differences in density, it is important that its effects did 
not absolutely preclude any of the abundant species from the foreign mud 
type, at least over the range of mud conditions in this experiment. 
This, and the lack of any effect by the sedimentary environment on the 
distribution of Molgolaimus sp. are discussed in Chapter 6. 
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CHAPTER 6 
GENERAL DISCUSSION 
6.1 A SYNTHESIS OF RESULTS 
6.1.1 Introduction 
All the results of this project combine to give a general picture 
of the population processes affecting estuarine littoral nematodes. Both 
deterministic and stochastic processes are important, however they act 
mainly on different spatial scales. The population changes over certain 
of these scales are more important than others. 
6.1.2 The Large Scale 
Changes in population characteristics between estuaries in differ-
ent regions of the NSW coast are relatively unimportant. On this, the 
largest scale investigated, there are at least some major changes in 
populations which can be represented by a single important principal 
co-ordinate. However, the changes represent only about 5% of the total 
variability in population characteristics. This percentage may have 
been increased by sampling more estuaries with greater distances between 
them, but even this is unlikely to greatly enhance the importance of 
population changes on this scale. Only 12 species, mostly rare, were 
limited to the Clyde River and Candlagan Creek estuaries whereas many 
species occurred at quite similar densities at environmentally similar 
sites in both the central and south coast estuaries. This suggests that 
the variation in population characteristics among different sites within 
a single estuary is much more important than changes due solely to 
factors associated with the location of the estuary, such as water 
temperature. 
Which ecological process(es) were operating on this scale cannot 
be resolved because only two regions were sampled and so little vari-
ation was observed between the different estuaries. 
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6.1.3 The MedilJD Scale 
The changes in population characteristics between different 
sites are very important, accounting for about 50% of the total vari-
ability. Deterministic processes are most important on this, the medium 
scale. 
The pattern of dispersal proposed here is consistent with the 
action of deterministic processes, being slow enough for even quite 
subtle patterns to develop without constant intermixture with popula-
tions fr001 surrounding areas. The factors implicated in causing the 
deterministic patterns, mainly associated with the sediment grain size, 
do not appear to change rapidly enough for this slow dispersal to be any 
problem to the animals in locating suitable habitat. Indeed, that dis-
persal of nematodes suspended in the water column is probably necessary 
for extensive dispersal also makes stochastic processes unlikely on this 
scale. The nematodes deposited from suspension at any site are likely 
to be controlled by the same hydrodynamic forces which control the grain 
size of the sediment, unless of course the nematodes here have much 
greater control over water-borne dispersal than has been previously 
observed elsewhere. 
The importance of physical characteristics of the sediment is 
not surprising. The redox potential, organic content and grain size 
distribution of the sediment are strongly associated in the field and 
probably in turn affect the distribution of potential foods as well. 
The ranges of these factors can also be very wide, even within a single 
estuary. In the Hunter estuary, the depth at which the redox potential 
of the sediment drops below -300 mV varies from only a few millimetres 
to over 10 cm. This means that the 6 cm deep samples may have been 
almost all poorly oxygenated or almost all well oxygenated. The organic 
content of the sediment varied fr001 a few percent to over 10 per cent, 
with even larger relative changes if the distribution of carbon is 
considered. The median grain size of the sediment varied by almost two 
orders of magnitude. 
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Of the three related environmental factors related to the 
changes in population characteristics, only two appear to have any 
direct effect on the nematodes. The grain size of the sediment seems 
unlikely to have any major direct effect on the populations. At least 
in the experiment on competition (section 5.2), physical restrictions on 
movement seemed unlikely since the species moved into two sediments of 
vastly different grain size. Behavioural movement may have occurred in 
the experiment, but seems unlikely in the field because the gradients in 
grain size are much less steep and the distances to be moved very much 
greater than in the experiment. In the field, the movement and deposi-
tion of nematodes of different sizes and densities may have been con-
trolled by the same hydrological forces governing grain size. However, 
this is unlikely in Desmodom cazca and Sabatier>w. sp. which were 
strongly affected by the sediment under experimental conditions where 
dispersal in suspension was unlikely. 
Oxygen availability and food are much more likely to affect 
population characteristics, however, their effects are complex, and are 
reflected in the distributions of the most variable species. The six 
species which make major contributions to the first three principal 
components (repeated here as Figure 6.1) form distinct ecological 
groups based on food requirements and oxygen availability. Monhyster>a 
sp. and Ethmolaimus sp. form one group and are both associated with 
surface algae (W.L. Nicholas, pers. comm.). Sabatier>w. sp. and 
Ter>schellingia longicaudata are thought to live deeper in the mud, from 
preliminary stratified sampling (Hodda & Nicholas, unpublished data). 
The third group, Desmodor>a cazca and Tr>ipyloides sp., probably represent 
aerobic sediment dwellers since they are found at highest densities in 
well oxygenated sediments (site 12 and the Clyde River). However, food 
may also be involved since these sites also had high proportions of fine 
particulate carbon which is probably related to certain food types. 
Just how oxygen availability or hydrogen sulphide concentration affect 
these species warrants future investigation, although physiological 
FIGURE 6 .1 POSITON OF MOST PROMit,JENT SPECIES IN THE SPACE OF THE FIRST THREE PRINCIPAL COMPONENTS 
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tolerance or patterns of activity related to the presence of oxygen (or 
H2S) appear likely. The importance of surface drainage in the Principal 
Co-ordinate Analysis (section 5.1) is also explained by these three 
ecological groups of nematodes, surface water promoting the growth of 
algal mats. Many of the remaining species may form a fourth ecological 
group of eurytopic nematodes found at low densities at most of the sites. 
One or another of the three factors implicated in this study 
have been implicated in many of the studies from European mud flats and 
North American salt marshes (section 1.4). This suggests that deter-
ministic processes act widely on estuarine littoral nematodes on this 
approximate scale, which is not surprising because many of the genera 
and some of the species are very widespread. It also suggests that 
widespread phenomena such as the presence of oxygen, H2S and different 
food types are indeed causing the spatial patterns in population 
characteristics rather than any characteristics of the mangroves. 
Mangroves may affect the way the populations change over time (section 
6.1.5) 
The patterns in the populations on the medium scale are, however, 
far fr011 perfect and leave a substantial portion of the variation among 
the samples unaccounted for. Part of the variation which cannot be 
attributed to any of the mediun scale patterns is undoubtedly related to 
inaccuracies in the sampling, extraction and enumeration procedures 
(Chapter 2). However, these inaccuracies are not sufficient to account 
for the very substantial variation remaining. Changes in the popula-
tions of the different sites over time account for part of the residual 
variation, as discussed later (section 6.1.5). Much of the variation 
not attributable to medium (or large) scale patterns is, however, due to 
population processes acting at smaller scales within the medium scale 
pattern. 
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6.1.4 The Small Scale 
About 35% of the total variation in population characteristics 
is due to variability on the small scale. Part of this variation is 
undoubtedly caused by sampling, extraction and enumeration errors, 
but much of it is caused by the nature of the nematode populations them-
selves. The extraction method may only have recovered about 50% of the 
animals within a sample but the proportion was fairly constant. The 
sub-sampling method was generally reliable to within about 10% of the 
actual density of nematodes extracted from the sample. Hence the 
importance of the actual changes in the populations are probably some-
what less than 35%, however, small scale processes remain a major 
influence on population characteristics. 
On the small scale stochastic processes appear most important. 
That stochasticism is a genuine characteristic of the populations and not 
an artifact of the procedures is shown by the fact that some species are 
very abundant and totally absent in adjacent, replicate samples 
(Appendix 1). Other species occur at very different densities in adja-
cent samples, too disparate to be explained by sampling errors alone. 
The absence of any distinct patterns in the population characteristics 
on this scale suggests that deterministic processes are not involved. 
The absence of patterns could be caused by many different factors 
acting independently on single species (or small groups of species) so 
that the characteristics of the total population display no clear 
patterns. To positively ascertain whether this is happening requires 
detailed study of individual species, however it seems unlikely. The 
species examined in the dispersal experiment formed no patterns at all 
(section 4.2) and in the field, there were no strong influences on any 
of the most prominent species on the small scale. Hence the influence 
of small scale factors seems unlikely to be strong on any individual 
species. 
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The importance of stochastic processes is not surprising con-
sidering the multitude of spatially and temporally unpredictable factors 
on this scale - crab holes, mangroves leaves, roots and pneumatophores, 
microtopography, animal remains, algal blooms, even researchers and 
fishermen's footprints (section 1.3). Because these factors are so 
unpredictable on the small scale, the species which actually exploit 
favourable conditions in any or all of these factors may also be unpre-
dictable. Hence if several species are all favoured by an ephemeral 
algal bloom then none, one, several, or all species may be able to 
exploit it, depending on chance. Such a mode of life has considerable 
implications for the biology of the nematodes (section 6.2.2) 
The pattern of movement observed in the experiment (section 4.2) 
is also consistent with the stochastic hypothesis. If dispersal in the 
field is similar, it is slow enough to allow considerable heterogeneity 
in both space and time without being extensive enough to constantly 
mix the populations. However, it is not so slow that no changes in 
populations occur. The fairly constant slow dispersal should allow for 
some colonisation of new patches of suitable habitat but still leave a 
considerable element of chance in the occurrence of each species. 
This small scale variation may be related to the mangrove trees. 
The sites which had the least small scale population changes were sites 
12 and the Clyde River, both with only very small mangroves present. 
However, site 10 with no mangroves at all had quite variable populations 
and site 11, with mangroves, was quite uniform although this apparent 
uniformity probably resulted from the very low densities of nematodes 
found at this site. The nematode populations in the present study seem 
much more variable than those in European mud flats and also North 
American salt marshes(c.oMp>,re. +he <ipe~:¢.s/ a.~v .... J.o. ... c.e. ,,t ... + ... 1~ Appc...--d;x / w1'+~ 
+~~+ ct WA.'i'Wivk tAi-\ol P-r,'c..,e. ( 1'11'1)). 
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6.1.5 Temporal Change 
About 8% of the total population variability is related to the 
time at which samples are taken, irrespective of the site. A further 
20% is related to the site as well as time. What these temporal changes 
represent cannot be ascertained without data fr001 more than one year, 
although some hypotheses can be offered. 
The temporal variation which is uniform over all sites may 
represent either recurrent seasonal changes or the effect of some non-
seasonal factor affecting all the sites, for instance rainfall or floods. 
Seasonal change seems more likely since the Clyde River and Candlagan 
Creek were sampled in a different year to the Hunter River and are less 
likely to be influenced by the same rainfall or flooding, etc. Whatever 
the cause, this temporal change probably involves species composition, 
since the total nematode population density does not change uniformly 
over the year (Figure 6.2), the other main possibility. The 25 species 
which are found at all sites provide ample scope for changes in species 
composition over time. No patterns in any of these species are immedi-
ately apparent from inspection of the complete table of species 
densities but a subtle pattern could have been overlooked because this 
source of variation is not very important. 
The larger portion of temporal variation which differed among 
the sites, has already been allocated to medium scale variation because 
much of it is probably due to the nature of the sites (section 6.1.3). 
Part of this portion of the population variation is probably sampling 
inaccuracies and part the effect of the small scale stochastic processes. 
These are not the sole causes, however, because too much variance and 
too many important principal co-ordinates are involved. Indeed, because 
the sites have distinctive population characteristics, any seasonal 
changes will be different at each site. 
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6.2 IMPLICATIONS 
6.2.1 Ecological Theory 
Both deterministic and stochastic processes operate on estuarine 
littoral nematode populations, contrary to suggestions that the majority 
of species in a community are controlled by one process or the other 
(eg Grossman 1982). J.lo.--,il.edifferent processes operate mainly at differ-
ent seal es. Anderson et al. {1981) suggested this as a 
solution to the conflicting claims for the stochastic and detenninistic 
processes to be controlling communities of tropical reef fish (Roughgarden 
1977; Sale 1977; Sale and Dybdahl 1975; Talbot et al. 1981). Different 
processes may also operate on different scales in communities thought 
controlled by either one process or the other, but which have been 
investigated on only a single scale. Different scales may also be 
important in the many communities where both processes have been 
implicated. It seems likely, therefore, that both processes operate on 
all communities to some extent, with the relative importance of each 
being very variable. 
The relative importance of each of the processes probably depends 
largely on the nature of the environment - how patchy and unpredictable 
it is relative to the ecological requirements and dispersal ability of 
the animals. The patchy and unpredictable environment seemed to play a 
major role in the stochastic processes observed in this study, as pre-
dicted by many theorists (Grossman 1982; Huston 1979; Osman 1977; Sousa 
1979a; Yodzis 1982). However, dispersal ability also seemed important is 
mangrove muds. Including dispersal ability among the causes of 
stochasticism may overcome some of the objections to some models which 
are based only on environmental unpredictability (eg Eagle 1975; Eagle 
and Hardiman 1977). 
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6.2.2 s;ology of Estuar;ne Nematodes 
The importance of stochastic processes and the quite dynamic 
model of the populations on the small scale, has considerable implications 
for the biology of the animals. Small scale stochastic variation in 
populations must be a considerable evolutionary force on nematodes. 
Stochastic processes favour dispersal ability and adaptability rather 
than specialisation because the environment is unpredictable. There is 
also little competitive pressure to specialise since the same species 
are not often in contact. 
The restricted dispersal of the nematodes in this study is 
probably explained by morphological and size constraints on the musculo-
locomotory system (Nicholas 19S4). Th~s-e.. constraints on dispersal 
OMrl..•s-•S .. !, Hu~ ; ... \oo,'+-"'"'"~o~ ..J'\,,+ ... b;1,1.,. Adaptability may explain the di stribu-
tion of many species and the numerous species from the same genus or 
closely related genera which coexist without any great divergence. 
Co-occuring species of such genera naturally have similar ecological 
niches but overlapping requirements do not necessarily mean that 
competition must be strong if the ranges of both species are broad. In 
any case, in populations controlled by stochastic processes the assump-
tions of the competitive exclusion principle are violated. This is 
thought to be common in a range of different animals and situations 
(Auclair and Goff 1971; Grubb 1977; Hebert 1974a, b; Loucks 1970; Weins 
1977). 
Lack of competitive pressure does not imply that the nematodes 
have not evolved adaptations to the estuarine environment. Clearly, the 
l"c..k oC. ,c,..pc.+A·,~ p~s,:v.-e. 
environment has had a considerable influence. However, h does imply 
that the specialised adaptations are more likely to directed towards 
larger scale environmental factors, such as oxygen availability and 
grain size. 
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6. 3 PRESENI' LIMITATIONS AND FUTURE PROSPECTS 
6.3.1 Study limitations 
This study was necessarily a preliminary and exploratory 
investigation since, at the beginning, so little was known to science 
about nematodes from mangrove muds and the processes which control their 
distribution. Because of this, there are limitations and qualifications 
to the results. The study mostly considered only the charactersitics of 
the population as a whole rather than individual species, so some species 
may be influenced by factors other than those emphasised for the 
prominent species which dominated total population characteristics. 
Considering the total population has advantages, however, in determining 
which are the most important factors for the most important species 
without first having to determine which are the important species. 
Biological interactions among the species can also be investigated 
unlike in single species studies. 
The results of this study apply only to spatial and temporal 
scales close to the sample size and interval. There may be many other 
influences and scales of change affecting estuarine littoral nematodes 
but nothing can be said about then from this study. Like all studies of 
this type, the sampling scales were influenced by initial preconceptions 
of what is likely to be important. However, a strength of this study 
must be that there were few preconceptions because marine nematodes are 
so cryptic and so little was known initially. The comparison of the 
different sampling scales should also have meant that the initial choice 
of the sample scale did not have an overwhelming impact on the results 
obtained. 
There are philosophical and statistical problems in finding no 
pattern in a set of data. It is very difficult to test for randomness 
statistically, especially if the data has an unusual statistical distri-
bution as it does here. In the absence of a test to prove that data are 
random, one must rely on the absence of patterns. However, no matter 
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how many samples were taken or how statistically efficient the methods 
of analysis, the criticism remains that more sampling or better analysis 
may have detected a pattern. All that can be said in answer to this 
criticism is that what evidence was available (Chapter 2) suggested that 
the sampling should have been extensive enough to detect any patterns 
and that the statistical methods are very sensitive and widely regarded 
as the best available (Appendix 3). 
6.3.2 The Future 
A practical result of this study is that it enables recommenda-
tions to be made about future sampling and analysis. The first is that 
considerable replication of sampling is necessary to distinguish between 
changes in populations on diff~rent scales. The second is that general-
ly, the presence or absence of species is not a good indicator of the 
nature of a site or sample. One must consider the density or at least 
relative abundance of species if, as hypothesised here, the species fall 
into four (or more) ecological groups because the relative importance 
of the groups is most important, not their presence or absence. Third, 
ordination more clearly identifies the complex relationships between 
sites and species than cluster analysis. The specific details of 
recommended methods are in Appendix 3. 
Now that the efficiency of sampling procedures, the importance 
of different scales and hypotheses of the main influences and processes 
affecting estuarine littoral nematodes have been established more inten-
sive study is necessary. Of interest are the distributions of individual 
species, particularly those in the widespread fourth ecological group, 
with respect to the factors identified as important to the most promin-
ent species. More comprehensive environmental measurements, including 
how the environment changes are important to test if other not measured 
here are involved, especially on the small scale. Direct tests of the 
influence of the various factors emphasised here on populations would be 
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fruitful in observing the mechanisms by which the population character-
istics are affected. The development of a more realistic experimental 
system would allow this. Repetition of the present experiments in such 
a system may be useful. 
Sampling on a scale smaller still than that considered here 
would be useful in giving an estimate of the variability within samples, 
as well as intrinsically interesting to see if there are other scales 
important to nematode populations. Further sampling on the large scale 
in other estuaries, especially more distant ones could confirm the 
generality of the patterns and processes found in this study. 
6.4 CONCLUSION 
This study suggests the following answers to its objectives 
(section 1.5): 
(i) about 50% of the variability in population character-
istics among samples represented deterministic patterns 
and about 35% represented stochastic variation (the 
origin of the remaining variation could not be 
ascertained); 
(ii) the deterministic processes operated on the medium 
scale between different sites and the stochastic 
processes operated on the small scale between individual 
samples (a small amount of variation also occurred on 
the large scale between the different estuaries); 
(iii) the deterministic patterns were caused by the grain size 
and redox potential of the sediment and the distribution 
of surface algae; 
(iv) the environmental factors above affect three main 
ecological groups of nematodes directly rather than 
through interspecific competition; 
(v) the pattern of dispersal observed in laboratory 
experiments was consistent with the hypothesis of 
stochastic processes controlling nematode population 
characteristics on the small scale. 
131 
The view of estuarine littoral nematode populations formulated 
here is loosely ordered and complexly patterned. These animals are 
affected by a number of different environmental factors on several 
different scales and live in diverse and dynamic populations. I make no 
apology for this complexity, because Whittaker (1952) and Gouch (1982) 
point out that ecological reality is loosely ordered and complexly 
patterned. Apart from the intrinsic interest in these largely neglected 
animals as part of the important estuarine system, this study has shown 
their utility as a model for general ecological theory. This study is a 
start, providing a little information and many hypotheses for future 
work. The intertidal mud of estuaries is not lifeless as may first 
appear but a dynamic tePPa incognita awaiting more exploration. 
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APPENDIX 1: 
DISTRIBUTION OF NEMATODES IN THE SAMPL ES 
Tables Al.I and Al.2 show representative portions of the data 
of species densities per cm2 analysed in this thesis. The full data of 
the densities of the 89 species in the 180 samples are available as a 
computer data file. However, the portions shown illustrate the salient 
features of the data -
* 
* 
the large number of zero density records, 
the great variation i n species densities when present, 
even among replicate samples, 
* the very high densities of some species, 
~ H,~ .t-~i+,c.s of soMt. ,y-C.:ec; "'t. b,~oJ~( a. ... cl. J.o ....,} .f\~ ~e. Ne.,.-..\ 
B,"'•""'; ... 11 o < Po,sso"' J .~~;1.,.,.\--:0 ... s . ) 
Note that one of the samples wa s lost (Ca II E) . For the purnoses 
of analysis this sample was taken to have exactly the same population 
characteri st i cs as t he adjacent sample (Ca II D). This aooroximation of 
t he fauna has no ef-fect on the relationships found amonqst the other 
sampl es by cl uster an alys is and should have little effect on the other 
analyses . 
TABLE Al. I Density of some of the nematode species at site 11 (number per cm2) 
SA MPLE 
SPECIES 1 I I A 11 I B 11 I C 11 I D 11 I E 11 I I A 11 11 R 11 I I C 11 11 D 11 I I E 
Terschellingia longicaudata . 6 • D . 2 . 0 • B • D . 3 • 2 • I . 0 
Terschellingia sp. B . 6 . 0 . 0 . 0 . 2 . 0 . 0 . 0 . 0 . 0 
Metalinhomoeus sp . . 0 . 0 . 0 . 0 . 0 • 0 • 0 . 0 • D • D 
Spirinia sp. . 0 . 0 . 0 . 6 . 0 . 0 . 0 . 0 • 0 . 0 
Onyx sp. . 0 • 0 . 0 . 0 . 0 • 0 . 0 • D . 0 . 0 
Terschellingia sp. C . 0 • 0 . 0 . 0 . u • 0 • 0 • D . 0 • 0 
Xyala sp. . 0 • 0 . 0 . 0 . 0 • 0 . 0 . 0 . 0 . 0 
Sphae rolaimus sp. A . 2 . 0 . 0 • 0 . 0 . 0 . 0 . 0 . 0 . 0 
Sphaerolaimus sp. 8 . 0 . 0 . 0 I . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Sphaerolaimus sp. C . 0 . 0 . 0 . 0 . 0 • 0 . 0 . 0 . 0 . 0 
Sabatieria sp. • 4 • 0 . 0 . 2 • 4 I. 4 6. 7 I. 0 2. 5 2 . 3 
Laimella sp. . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Alaimella sp . . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Vasostoma sp. . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Calyptronema sp. . 0 . 0 . 0 . 6 . 0 • 0 . 0 . 0 . 0 . 3 
Phanoderma sp . . 0 . 0 . 0 • 0 . 0 . 0 . 0 . 0 . D . 0 
Desmodora sp . A . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Desmodora cazca . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Anoplostoma sp. I. 2 . 0 . 0 . 0 . 0 . 0 . 6 . 7 . 2 . 0 
Chaetonema sp. . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Tripy loides s p. . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
SAMPLE 
II II I A 11 II I B 11 111 C 11 I I I D II I I I E II IV A 11 IV B 11 IV C 11 IV D 11 IV E 
Ter schellingia longicaudata • 2 • 3 • 4 . 0 . I • 0 • 0 • 2 • 0 • 0 
Terschellingia sp. B . 0 . 0 • 0 • 0 . 0 • 0 • 0 • 0 • 0 . 0 
Metalinhomoeus sp . • 0 • 6 .1 • 3 . 0 • 0 • 3 . 0 • 0 • 0 Spirinia sp. 
. 1 • 0 . 0 . 0 • 0 • 2 • 0 . 1 . 0 . 0 Onyx sp. 
. 0 . 0 . 0 . 0 . 0 . 0 • 0 . 0 . 0 . 0 Terschellingia sp. C • 0 • 0 . 0 . 0 . 0 • 0 • 0 . 0 . 0 . 0 Xyala sp. 
. 0 • 0 • 0 . 0 • 0 • 0 . 0 • 0 • 0 . 0 Sphaerolaimus sp. A 
. 0 • 0 . 0 . 0 • 0 • 0 • 0 • 0 • 0 • 0 Sphaerolaimus sp. B 
. 0 • 0 . 0 . 0 . 0 • 0 • 0 • 0 • 0 • 0 Sphaero laimus s p. C • 0 • 0 . 0 . 0 . 0 • 0 • 0 . 0 • 0 . 0 Sabatieria sp . • 2 B. 2 . 5 2.9 • 5 . 1 • 0 • 0 . 0 . 0 
Laimella sp. 
. 2 • 3 . 1 2. 0 . 3 • 0 . 0 . 0 • 0 . 0 
Alaimella sp . 
. 0 • 0 . 0 . 0 • 0 • 0 • 0 • Q. . 0 . 0 Vasostoma sp. 
. 0 . 0 . 0 . 0 • 0 • 0 . 0 • 0 . 0 • 0 Calyptronema sp . • 2 • 0 . I . 3 . 0 • 0 . 0 • 0 • 0 • 2 Phanoderma sp. • 0 • 0 . 0 • 0 • 0 • 0 . 0 • 0 . 1 • 0 Desmodora sp. A • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 Desmodora cazca • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 1--' 
Anoplostoma sp. • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 . 0 • 0 w w Chaetonema sp. • 0 • 0 • 0 . 0 . 0 • 0 • 0 . 0 • 0 • 0 
Tripy loides sp. • 0 • 0 . 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 
TABLE Al. 2 Density of some of the nematode species at site 2 (number per cm2) 
SAMPLE 
SPE CIES 2 I A 2 I B 2 I C 2 I D 2 I E 2 I I A 2 I I B 2 1 1 C 2 I I D 2 I I E 
TerscheLLingia Longicauda t a 9 . 8 I. 4 4. 1 . D . 0 • 0 • 8 5 . 7 . 0 • 0 
Tersche LLingia sp . B • 0 • 0 . 0 . 0 . 0 . 0 . 0 . 0 • 0 . 0 
MetaLi nhomoew, sp . • 0 . 0 • 0 • 0 . 0 • 0 • 0 . 0 • 0 . 0 
Spirinia Sp . 1 I. 4 4 . 1 4 . 1 I. 5 . 0 . 8 3 . 2 • 0 I. 5 . 0 
Onyx Sp . . 0 . 0 . 0 . 0 . 0 • 0 • 0 • 0 • 0 . 0 
TerscheLLingia sp. C . 0 • 0 . 0 . 0 . 0 . 0 . 0 • 0 • 0 . 0 
Xyafo Sp . . 0 . 0 • 0 . 0 . 0 . 0 • 0 . 0 . 0 . 0 
SphaeroLaimw, sp . A 14 . 7 1 I. 0 22 . 4 10 . 2 2 I. 2 8 . 0 3 . 2 3 I. 4 4 . 4 16 . 0 
Sphaeroiaimus sp . B . 0 . 0 4 . 1 I I. 5 3 . 3 . 0 . 0 . 0 . 0 . 0 
Sphaerofoimus sp . C . 0 • 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Sabatieria sp. 29 . 3 1 I. 0 1 2 . 2 26 . 2 2 I. 2 3 . 2 56 . 0 22 . 9 10 . 2 6 . 4 
Laimeiia sp. . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
AfoimeUa sp. . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Vasostoma s p . . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
CaLyptronema s p. . 0 . 0 . 0 . 0 . 0 . 0 . 0 • 0 . 0 . 0 
Phanoderma sp . . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Desmodora s p. A 
. 0 . 0 . 0 . 0 . 0 . 0 . 0 • 0 . 0 . 0 
Desmodora cazca 8 . 1 4 2.8 4 0 . 7 1 3 . 1 26 . 1 2 . 4 I. 6 8 . 6 13 . 1 19 . 2 
Anop Los toma s p . 6 . 5 . 0 • 0 I. 5 . 0 . 0 . 0 . 0 . 0 3 . 2 
Chaetonema s p. . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 
Tripyfoides s p. 6. 5 1 I. 0 18 . 3 13. 1 14. 7 56 . 8 9 . 6 168 . 6 88 . 7 2 10 . 9 
SAMPLE 
2 11 I A 2 I 11 B 2 11 I C 2 I I I D 2 I I I E 2 IV A 2 IV B 2 IV C 2 IV D 2 IV E 
TerscheLLingia Longicaudata • 0 . 0 • 0 • 0 • 0 I. 9 I. 3 2 . 7 2 . 6 I. 1 
TerscheLLingia sp . B • 0 . 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 
MetaLinhomoew, sp . • 0 • 0 • 0 . 0 • 0 . 6 . 0 . 5 • 0 • 0 
Spirinia sp . 3.5 • 0 32. 3 . 0 2 1. 7 4. 4 I. 3 I. 1 4 . 3 3 . 2 
Onyx Sp. 
• 0 • 0 • 0 • 0 . 0 • 0 . 0 . 0 • 0 . 0 
Te rscheLLingia sp . C 
• 0 • 0 • 0 . 0 • 0 • 0 • 0 • 0 . 0 • 0 
Xyaia sp . 
• 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 . 0 . 0 
Sphaerofoimus sp . A • 0 42. 7 64 . 5 10. 9 7 6. 1 • 0 • 0 • 5 2 . 6 . 5 
SphaeroLaimus sp . B • 0 • 0 • 0 • 0 • 0 • 0 I. 3 • 0 • 0 • 0 
Sphaerofoimus sp . C 
• 0 • 0 . 0 • 0 • 0 • 0 • 0 • 0 . 0 • 0 
Sabatieria sp . 
• 0 12. 2 64.5 7 6 . 1 43 . 5 1 2. l 11. 8 1 2 . 3 7.8 25 . 6 
LaimeUa sp . 
• 0 . 0 . 0 . 0 . 0 . 0 . 0 • 0 . 0 • 0 
AfoimeUa sp . 
• 0 . 0 . 0 . 0 • 0 . 0 . 0 • 0 . 0 • 0 
Vasostoma sp . 
• 0 • 0 • 0 . 0 • 0 . 0 . 0 • 0 . 0 • 0 
CaLyptronema sp . 
• 0 • 0 • 0 . 0 • 0 . 0 . 0 • 0 . 0 • 0 
Phanoderma sp . 
• 0 • 0 • 0 • 0 . 0 . 0 . 0 • 0 • 0 . 0 
Desmodora sp . A 
• 0 • 0 • 0 10 . 9 • 0 • 0 • 0 • 0 • 0 • 0 
Desmodora cazca 11 2. 9 61. 0 48 3. 9 130. 4 97. 8 2.5 3 1. 5 3 . 7 34.8 . 5 ...... 
AnopLostoma sp. • 0 • 0 • 0 • 0 • 0 • 0 I. 3 • 0 • 9 • 0 w 
Chaetonema s p. • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 . i:::, 
Tripyfoides s p . 
• 0 42 0.7 2322.6 78 2 . 6 67 3 . 9 • 0 • 0 • 0 • 0 • 0 
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APPENDIX 2: 
EXTRACTION METHOD 
Nematodes were extracted from sediment samples by a combination 
of sedimentation, sieving and centrifugation as detailed by Hodda and 
Nicholas (1985). The sample was stirred vigorously in a large volume of 
tap water and then passed through a 2 mm mesh sieve to remove large 
particles. The filtrate was stirred again, then allowed to settle for 
1 minute in a 1 litre measuring cylinder (to remove sand grains), then 
passed through a 50 µm mesh sieve to collect the nematodes together with 
other fine particulate material. This was repeated with 40 and 20 
seconds settling time. The residue was washed fran the filter and 
further separation carried out . by centrifugal filtration. 
A spoonful of kaolin was added to the suspension, which was 
then shaken up and centrifuged for 7 minutes at about 300 radians per 
second. The supernatant was discarded and the pellet resuspended in 30 
ml of colloidal silica (Ludox, Du Pont de Nemours, Delaware, USA) with a 
specific gravity of 1.15. After re-centrifugation for 7 minutes at 300 
radians per second, the supernatant was again collected on a 50 µm nylon 
sieve and washed into a petri dish with water. The proportion of the 
sample containing about 100 nematodes was estimated, the sample 
rehomogenised in a small vial and the proportion containing 100 
nematodes returned to the petri dish. This subsample was gradually 
transferred to anhydrous glycerol from a 5% (v/v) solution and the 
nematodes mounted on microscope slides. 
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APPENDIX 3: 
STATISTICAL METHODS 
The following discussion is not intended as an extensive 
critique of the various methods of analysis available. It is merely a 
discussion of why I used the methods I did, and why I didn't use some of 
the other methods proposed. 
a) General 
In largely exploratory studies such as this, one must collect 
large amounts of data from which to generate hypotheses. The best way 
to handle such data objectively is by multivariate analysis. Multi-
variate analyses generally req~ire no null hypothesis as do classical 
statistics. They are also much stronger when dealing with many 
variables. Multivariate statistics also do not require random sampling 
locations - very difficult when thigh deep in mud or in vast, feature-
less mangrove forests. 
Multivariate analysis does have potential pitfalls, however. 
There are many methods available, most developed quite recently and one 
must avoid choosing the method of analysis to fit preconceptions of the 
results. In particular, the statistical properties of the data should 
match any assumptions as well as any strengths and weaknesses of the 
method chosen. The method should also be robust to small changes in the 
data, such as those which may arise due to the vagaries of sampling. 
Small changes in the data should produce only small changes in the 
results, not large ones. Gauch (1983} discusses the strengths, problems 
and philosophy of multivariate analysis in more detail. 
The only real alternative to multivariate methods in exploring 
the importance of different scales of change in complex population data 
is Green's Index of Dispersion (Green 1966). This method relies on 
taking replicate samples of several different sizes and comparing the 
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ratio of the variance in density between replicates to the mean density 
for each sample size. The sample size with the greatest ratio indicates 
the scale which animals are aggregated and the value indicates the 
degree of aggregation. This method has one advantage over my methods in 
that the only initial decision required is the choice of sample size, 
which is relatively minor since a range must be chosen anyway. My 
methods required initial choice of both the basic sample size and the 
location of different sites for sampling on the larger scales. In 
practice this is not a serious problem since the larger scales of sites 
and estuaries are, on the whole, observably different and discrete from 
surrounding areas. Also, because nematodes cannot be directly observed 
in the field, preconceptions of patterns in the nematode fauna can be 
discounted. 
Green's Index has many disadvantages. There are no tests for 
the significance of difference in the index and no indications to the 
cause of aggregation, although the scale may provide clues. The method 
is limited to a narrow range of small core sizes because of physical 
constraints in taking comparable samples of different sizes and time 
constrains in counting animals from very large samples. Several small 
samples, in any case, contain all the information of a single large 
sample, plus the infonnation about the smaller scale as well. This has 
been demonstrated in this study. The final objection to Green's Index, 
as applied to nematodes is that it relies on the mean and variance of 
density, which are difficult to quantify because nematode densities in 
this study were not nonnally distributed (Appendix 1). 
b) Ordination Methods 
Of the many ordination methods available, Principal Co-ordinate Analysis 
was used initially in this study because it requires few assumptions and 
is very general. Principal Co-ordinate Analysis starts with a table of 
all the pairwise comparisons of site similarity (a similarity matrix) 
rather than raw species/abundance data. This allows the choice from an 
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enormous range of similarity coefficients to measure the desired 
properties of the population under study without many restrictions on 
the statistical distribution of the original data. (Similarity indices 
are discussed further in Appendix 3d). A disadvantage of starting with 
a similarity matrix is that principal co-ordinates cannot be directly 
related to the individual species and one cannot tell which species are 
most important in the patterns identified on a particular axis. 
Because of this limitation the relationships among the 
distributions of the different species had to be examined separately 
(section 5.2). Principal Component Analysis was used rather than 
Principal Co-ordinates because the data in this case were the total 
densities of each species at eaGh site, obtained by summing the 
densities in the samples. This meant that there were much fewer 0 
density records (29% as against about 68% in the individual samples) and 
that the statistical distribution of the species densities was closer to 
a normal distribution with less extreme variations than in individual 
sample densities. Under these conditions, Principal Components Analysis 
is more powerful than Principal Co-ordinate Analysis, because it retains 
the original data about individual species. 
In this study Principal Components Analysis was performed on a 
dispersion matrix rather than the correlation matrix. The dispersion 
matrix of variances and covariances of the species is based on the raw 
data so that the densities of the different species is taken into 
account. A correlation matrix, however, standardises all species 
densities to be equal, which would give very rare species inordinate 
influence. 
A number of different graphic forms are used in this thesis to 
represent individual principal co-ordinates/components, including points 
in 3-dimensional space. Both principle co-ordinates and components are, 
however, vectors. This makes no difference to the interpretation of the 
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various graphs where other representations are used for greater clarity, 
however, it is noted here for completeness. That both ordination 
techniques used operate on vectors rather than points explains why 
principak co-ordinates (and components) near zero have little 
mathematical meaning and are not included on many graphs. 
Most other important features of Principal Co-ordinate and 
Principal Component Analyses were described in section 2.2. The 
mathematical procedures, as developed by Gower (1966) and Hotelling 
(1933) respectively, are described in a number of texts (eg. Legendre 
and Legendre 1983) and so will not be described again here. 
Principal Co-ordinate .and Component Analyses have, to my 
knowledge, not been applied to nematode populations before. The only 
authors to consider nematode populations in any similar way were Ferris, 
Ferris, Bernard and Probst (1971) and Johnson, Ferris and Ferris (1973, 
1974). Both groups used an ordination method fran plant ecology (Bray 
and Curtis 1957) which required a pr>ior>i choice of reference sites 
according to what seemed to be the most important species. The faunal 
characteristics of other sites were then related to the several 
reference sites. This method of ordination, as distinct from the 
Bray-Curtis similarity coefficient which is discussed in Appendix 3d, is 
less desirable than Principal Co-ordinate Analysis because it requires 
this initial choice of reference sites. It also allows only a few axes 
to be easily considered and gives no indication of the relative 
importance of the different ordination axes. It was also designed 
originally for hand computation and computer programs are no longer 
available since the much more mathematically desirable Principal 
Co-ordinate Analysis was developed. 
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c) . Cluster Analysis Methods 
By contrast with ordination, cluster analysis has been used in 
several studies on sub-littoral nematode populations, with some success 
(Johnson, Ferris and Ferris 1972; Tietjen 1976, 1977). Nevertheless, I 
took a fresh look at the clustering methods available. 
Cluster analysis, like Principal Co-ordinate Analysis, begins 
with a similarity matrix but may then order the sites (or species) 
according to a range of criteria between two extremes (Williams et 
al. 1978). At one extreme, descriptive clustering aims to avoid 
misclassifying a site under any circumstances, even if clusters consist 
of only single sites. At the other extreme, synoptic clustering forces 
all sites into large clusters, )rrespective of how tenuous the similar-
ity. In this study the interest is in the similarity values between 
different clusters as well as the way sites are arranged, so an accurate 
representation of the relationships avoiding the distortion of either 
extreme, is required. 
Group Average Sorting is the best method according to this 
criterion (Lance and Williams 1967a), and so was used in this study. 
This is the same method used by Tietjen (1976, 1977). It was found to 
best represent plausible relationships between samples from a prelimin-
ary survey small enough to examine without statistical aid. It also has 
theoretical advantages over other clustering methods. Single Linkage 
Clustering contracts the reference space, making it progressively easier 
to join a cluster of sites as it becomes larger (Lance and Williams 
1967a) and Flexibile Clustering (with the usual value of a=-0.25) also 
distorts the relationships among sites to produce a more attractive 
dendrogram (Legendre and Legendre 1983). Centroid Sorting is geometric-
ally appealing but very often confusing in practice because of reversals 
- when the similarity of two groups of sites is greater than the 
similarity of their individual members. Centroid Sorting should also 
only be used for samples from random locations (Legendre and Legendre 
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1983). Infonnation Analysis is a clustering method working on totally 
different principles to all the other methods mentioned but requires 
enonnous computing resources (Lance and Williams 1967b; Williams, 
Lambert and Lance 1966). It operates only on presence or absence data 
and has problems dealing with joint absences. The clustering method 
used by Johnson et ai. (1972) on nematodes is related to Information 
Analysis but little is known of its properties other than that it, too, 
is computationally awkward. 
Mathetical details of the method can be found in many texts 
(eg Legendre and Legendre 1983). 
d) Similarity Coefficients 
The starting point for both cluster and Principal Co-ordinate 
Analyses is a matrix of the similarities between every pairwise combin-
ation of sites (or species). Hence the choice of a measure of the 
similarity in population characteristics between sites (or in the 
-distributions of different species) is very important. A large number 
of similarity coefficients have been proposed - Lamont and Grant {1979) 
list 60 and Legendre and Legendre {1983) a number of others. (Similarity 
coefficient is used throughout this thesis as a comprehensive term for 
what should be strictly called similarity, dissimilarity, distance and 
association coefficients (Legendre and Legendre 1983).) 
The Bray-Curtis similarity coefficient was chosen for comparing 
the population characteristics of the sites: 
S(a.b) = 2W 
A + B 
where S(x.y) is the similarity between sites x and y, Wis the sum of 
the lesser densities of each species at the sites and A+ Bis the sum 
of the total densities at each site. This coefficient was developed by 
Steinhaus (Motyka et al. 1950), and came into wide use after an 
extensive study by Bray and Curtis (1957). 
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The Bray-Curtis similarity coefficient was used with some 
success by Tietjen (1976, 1977 and 1980) in studies on sub-littoral 
nematodes, although under a different (incorrect) name. In a compre-
hensive simulated trial, this coefficient best represented the true 
resemblance of different sites along the entire scale (Bloom 1981). It 
also gave the most plausible pattern of relationships among samples from 
a preliminary survey of the Hunter River which was small enough to 
compare the population characteristics of the sites by inspection. The 
Bray-Curtis coefficient is also recommended by Legendre and Legendre 
(1983) for use on raw abundance data which has not been transformed to 
approximate any standard statistical distribution. Transformation was 
undesirable in this study because it would change the patterns of 
variation in the data (see below and Chapter 2). 
The only potential disadvantage of the Bray-Curtis similarity 
coefficient is that it is only a semi-metric. This means that it does 
not fulfil one of the mathematical axioms which a similarity coefficient 
must satisfy to be certain that the results of a Principal Co-ordinate 
Analysis are meaningful (Legendre and Legendre 1983; Sneath and Sokal 
1973). In particular, it can result in principal co-ordinates which 
account for a meaningless negative proportion of the variance. However, 
this did not occur in any of the Principal Co-ordinate Analyses in this 
study (Figure 3.9; Tables 4.1 and 4.2; Appendix 4). 
When there are many zero records in the table of species 
densities, as in this study, some authors recommend using a similarity 
coefficient which compares sites only according to the presence or 
absence of a species, not its density (Revelante, Williams and Bunt 
1982). They claim that most of the information about population 
similarities resides in the presence/absence dichotomy, however the 
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densities of the different species vary so widely in my data that much 
of the information about the distribution of the important, very 
abundant species would be lost. The many species which occurred at very 
low densities dominated presence/absence similarity coeffients in the 
preliminary trials. Coefficients using presence/absence or percentage 
abundance data also deliberately eliminate much small scale variation 
(Gauch 1982). This is often desirable when identifying any pattern in 
the data is of primary concern, however this study requires an accurate 
representation of the data to detennine how important any patterns are, 
as well as what a pattern represents. Williams, Clay & Bunt {1982} 
successfully used the Bray-Curtis similarity coefficient on species 
density data having 79% zeros, considerably more than the 68% in this 
study. The Bray-Curtis coeffi~ient seems unaffected by data having 
large proportions of zeros because it ignores joint absences. 
Problems with zero densities make most coefficients using 
distances between points unsuitable. Zero densities contribute 
inordinately to such coefficients (Legendre and Legendre 1983; Orloci 
1979} and samples with no species in common can be regarded as more 
similar than samples which do share species (section 2.2). Using 
Euclidean distance as a measure of similarity between samples is 
undersirable because it is affected by the number of species present 
(Legendre and Legendre 1983}. Proposed solutions to this problem have 
other undesirable properties. Using average densities eliminates the 
relative importance of the different species and standardises the great 
range of densities. Normalising the species densities is equivalent in 
theory to increasing the size of a sample by a indeterminate amount. 
This is undesirable here because the sample sizes are important. The 
problem with joint absences contributing inordinately to the similarity 
coefficient remains with many of the proposed modifications to Euclidean 
distance. The Manhattan metric coefficient has similar undesirable 
properties to Euclidean distance. The Czechanowski coefficient {equal 
to the Manhattan metric divided by the number of species) eliminates the 
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effect of the number of species present but the other problems with 
distance coefficients remain. The Canberra metric, in addition to the 
other undesirable properties, counts differences in the abundance of low 
density species relatively more than differences in species at higher 
densities. Gower's similarity co-efficient, which does handle joint 
absences well, was found a poor indicator of the relationships between 
samples in preliminary trials on a small data set. 
Parametric coefficients of similarity, like the covariance of 
two sites or Pearson's R, require data at least approximating a normal 
distribution. However, normalising data changes its nature (above) and 
in this case would be difficult because of the unusual statistical 
distribution of the raw data (Appendix 2). Also, the undesirable 
influence of joint absences cannot be eliminated except by manually 
deleting all rare species from the calculations. 
A final similarity coefficient considered was that of Preston 
(1962). This coefficient was used in studies of terrestrial nematodes 
by several investigators (Ferris et al. 1971; Johnson et al. 1972, 
1973 and 1974). This coefficient is based on the log-series distribution 
empirically constructed by Preston (1962) and extrapolated to apply to 
all animals. The log-series distribution of species abundances has, 
however, no theoretical basis (Pielou 1975) and does not fit the present 
data well in any case. 
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APPENDIX 4 
ANALYSIS OF INDIVIDUAL SITES 
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PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE 1 2 3 4 5 6 7 8 9 10 
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-0.0530 -0 . 2096 -0. 1399 0.0051 o.0133 0.0389 10 11 B -0.0813 0 . 1150 o. 1369 o . 15 28 0. 204 7 0. 24 4 7 0.039 !\ 0 . 0455 
-0.0969 10 11 C o. 1829 0.0944 
-0. 2894 -0.0091 -0.0498 0.0421 -0 . 0637 - 0. 117 1 -0.0604 10 11 D 0 . 260 I -0 . 2583 
-0. 0435 
-0. 1975 o. 15 36 -0.0962 - 0. 0 31 !, -0.0274 0.0225 10 11 E 0 . 0841 o. 1054 0.0746 0. 14 36 -0. 2833 o. 0056 o. 038(, 0 . 0123 0. 09 7 0 10 111 A -0 . 0373 
-0.0113 -0.0276 
-0 . 0209 0 . 130 2 -0 . 0231 -0 . 035 I -0 . 0187 -0.0461 10 111 B 0.0045 
-0 .0411 o. 1859 
-0.0059 -0.0732 0. 126 3 -0. 19 31, -0. 2420 
-0.0180 10 111 C 0.0134 0.0201 -0.0021 
-0.0008 0.0026 0.0096 -0.016!· o.019 2 0.0100 10 111 D 0. 06 2 2 -0.0144 
-0 . 0623 0 . 006 3 -0.0735 -0.0478 0. 1.\4£' 0. 1814 -0. 2427 I-' 10 111 E 
-0. 2403 
- 0. 26 18 0. 0 36 2 0 .04 55 0.0249 -0. 0644 o. 022i' 0 . 0780 0. 16 40 (J1 10 IV A 
-0.0131 o . 0141 -0. 0297 
-0.0013 -0.0078 0. 0074 -0. 255,' 0. 2091 0.0048 +'> 10 IV B o. 1213 0 . 3007 
-0. 0928 o.0197 o. 184 2 -0. 0401 o . 058;, 0 . 0 29 4 0. 2 2 34 10 IV C o. 1042 -0.0649 0.0785 
-0. 2488 
-0. 118 3 0.2002 0 . 08 3~ 0.0548 o.016 2 10 IV D -0. 1306 0. 05 29 -0. 0377 o. 1081 o. 0377 -0. 2347 -0. 100~ -0 . 0929 -0. 1279 10 IVE 
-0. 0257 
-0.0629 -0.0008 0.0507 o. 0227 -0.0481 0. 26 2~ -0. 18 I 2 -0.0091 
PRINCIPAL CO-ORD INATE 
NUMBER OF CO-ORDINATE I 2 3 4 5 6 7 8 9 10 
% VARIANCE 24 . 4566 12. 7 IO 3 9. 1606 7. 5 I 7 2 6 . 0447 5.6749 4. 6137 4 . 0 3 36 3. 8203 3 . 3476 
8 l A o . 3316 0. 36 26 0. 285 0 -0.0861 o. 1490 0. 3 I 26 0. 09 41 -0. 3810 -0.0159 -0.4180 
8 l B 0. 3895 0. 4 I 7 I 0. 29 00 -0 . 0707 0. 0 36 2 0. 208 5 0. 0991 o . 0648 -0.0057 0. 26 0 4 
B I C 0.4079 0 .4 017 0 . 16 14 -0.0133 0.0097 o. 0587 0. I 2 36 -0. 0096 0. 22 21 0 . 3495 
8 l D 0. I I 38 o.416 3 0. 26 4 I 0. 6 0 26 -0.3620 -0.4818 -0.0843 -0. 0324 -0. 0321 -0. 0999 
8 I E 0. 3690 0. 35 77 -0 . 2786 0. 07 I 6 0 . 5478 -0 . I I 99 -0. 1616 0 . 17 86 -0 . 0799 0 . 0005 
8 l I A o. 4045 -0.0741 -0 . 3307 - 0. IO 38 0. 26 15 -0 . 2339 -0 . 198 I -0 . 0291 -0.0491 -0.0679 
8 l I B 0. 35 7 6 -0. 2162 -0 . 3731 -0. 1648 -0 . 2618 -0 . 0951 0 . 018 I -0. 1949 0 . 2453 0 . 0 27 9 
B I I C 0. 3 39 7 0.0820 0. 06 36 - 'O. 3065 -0. 376 2 0 . I 7 05 -0 . 0005 0 . 4795 -0. 2135 - 0. I 9 I 7 
8 I I D o. 419 2 -0.0639 -0. 3664 -0.2176 -0.2186 -0 . 0809 0 . 0028 0.0344 o. 185 4 -0 . 0744 
8 I I E 0 . 1681 -0. 2307 -0 . 4708 o. 4899 -0 . 0044 0. 2 I 7 3 0. 26 34 -0 . 0454 -0. 2550 0 . 0304 
8 111 A 0 . 0576 -0 . 4846 0. 45 I 9 -0.0651 0. I 3 17 -0 .1 334 - 0. I I 5 4 o . 0078 - 0 . I 7 4 I 0 . 0225 
8 l I I B -0 . 1308 -0 . 4081 0. 1048 0 . I 2 I 6 0. 15 32 -0 . 0991 0 . 5609 0 . 128 3 0 . 0487 -0 . 0409 
8 I l I C -0. I 36 I -0 . 3273 0 . 0102 0 . 4 38 7 -0.0605 0. 4967 -0 . 3880 0 . 0705 0. I 7 56 0.0276 
8 l I I D 0 . 2486 -0.3913 0 . 1508 -0. 1992 -0 . 1464 -0 . 036 2 -0.0722 -0 . 2869 -0 . 1742 0 . I 449 
8 I l I E 0. 0 39 3 -0.4646 0. 3 3 36 -0 . 05 I I 0 . 14 7 2 -0 . 1234 -0. 1085 0 . 06 5 3 0 . 0667 0 . 0 206 
8 l V A -0.6725 0. 209 3 -0. I 091 -0 . 1057 -0.0663 -0 . 0088 -0.0568 -0 . 0384 -0. 1848 0 . 0618 
B JV B -0. 7346 0. 149 I -0 . 1254 -0 . 1052 -0.0105 0 . 026 I -0. 0237 -0.0642 -0 . 0379 0. 0 2 26 
8 IV C -0 . 577 2 -0.0041 0 . 0744 -0 . 0067 0.0993 -0 . 0547 0 . 0 35 3 0 . I 18 3 0 . 37 12 -0. I 7 31 
8 IV D -0.6889 o. 1597 -0. I I 90 -0 . 1353 -0.0574 -0.0197 -0.0082 -0 . 0948 -0 . 1464 0.0962 
8 l V E -0.7 065 0. I 09 5 -0 . 0166 -0.0932 0.0284 -0. 0037 0.0199 0. 0 29 3 0. 05 37 0 . 0010 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE II I 2 I 3 I 4 15 16 I 7 18 19 
2. 76 I 9 2. 5 5 26 2. 186 7 1.9015 I. B 481 I. 7899 1.5096 I. 098 7 0.0000 
8 I A 0 . 06 7 I 0.0452 0 . 0 28 7 -0.0197 -0.0011 -0.0045 -0.0344 -0. 0064 0 . 0147 
8 I B -0. 1111 -0 . 0493 -0.0467 0.0488 -0 . 1402 0. I 79 3 0. 26 4 0 0 . 0842 -0.0060 
8 I C 0 . 0079 0 . 0999 0.0316 -0. 0257 0 . 0981 -0. 0982 -0.2961 -0 . 0034 -0 . 0084 
8 I D o.0186 -0 . 0468 0 . 0154 -0. 0216 -0. 0070 0.0019 0.0258 0. 009 2 -0 . 0032 
B I E 0 . I 10 I 
-0. 08 2 2 0 . 0053 0. 0 I 7 4 0.0655 -0. I 226 0. I 06 5 -0. 1893 -0.0081 
8 I I A -0 . I 397 -0 . 087 I -0. 1053 -0. I I 58 -0 . 0877 o. 1445 -0 . 1658 o. 2344 0. 0 I 90 
8 l I B -0.0066 0.0010 -0.0333 -0. 07 I I -0 . 2155 0. 07 I 3 0. 0 I 7 2 -0.2541 0. 02 I 2 
8 l I C -0.0716 -0. 027 I -0.0107 -0. 1000 0 . 006 2 -0 . 0356 -0 . 0785 -0 . 0549 0.0030 
B I I D 0 . 2209 0 . 0737 o. 1327 0. 249 3 0. 15 35 0.0001 o. 107 5 0.1635 -0 . 0276 
8 I I E -0. 2333 o. 19 28 0 . 08 I 4 0 . 0576 0.015 7 -0.0326 0 . 0034 0. 004 2 o. 0133 
8 I I I A -0.0201 0.0399 0 . 06 I 9 0 . 3224 -0 . 0357 0. I 4 33 -0 . 1302 -0 . I I 5 4 -0. 035 I 
8 I I I 8 0 . 2453 -0 . 19 86 -0 . 1066 -0 . 0774 -0.0142 0 . 0313 -0 . 0173 0 . 0 28 4 -0.0203 
8 I I I C o. 1599 
-0 . 1346 -0 . 0595 -0. 0260 0.0056 0. 0 36 0 -0. 0295 0.0210 0.0047 
8 I I I D -0 . 1192 -0 . 2264 -0 . 1339 -0 . 0357 0 . 158 2 -0. 2274 0. 09 5 4 0 . 0209 -0.0093 
8 I I I E 0 . 0457 0.3372 0 . I 7 4 7 
-0. 2579 -0 . 0312 -0 . 0723 0 . I 246 0 . 0507 0. 0 28 3 
8 IV A 0. 2 I 1 I o. 25 16 -0. 3424 0.0734 - 0. 136 3 -0.0994 -0. 0127 0.0414 -0 . 0125 
-u, 8 IV B -0. 0411 -0.0872 0 . 2166 -0 . 0812 -0.0428 0 . 0074 -0 . 0134 0.0074 -0.3052 u, 
8 IV C -0. 3471 0. 0716 -0. 2066 o. 0740 0. 139 I -0.0056 0.0519 -0. 0311 -0. 0182 
8 IV D 0 . 0705 0.0018 0 . 0597 -0. 1 212 o. 2560 0. 25 7 I 0. 007 8 -0.0718 0. I 45 7 
8 IV E -0.0676 -0 . 1755 0 . 2 37 2 0. 1 I 06 -0. 186 1 -0. 1740 -0. 026 3 0.0610 0. 2041 
PRINCIPAL CO - ORDI NAT E 
NUMBER OF CO-ORDINATE I 2 3 4 5 6 7 8 9 10 
% VARIANCE 22 . 8307 17 . 6329 12. 7663 7 . 30 21 6.0757 5 . 7 117 5 . 4819 3.6740 2 . 9786 2.7888 
SAMPLE 3 l A 0 . 2323 - 0 . 0278 0 . 0907 0 . 8188 -0. 0781 -0. 1203 -0. 4889 0. 0 368 o . 0 29 1 0. 0 361 
3 I B o . 17 16 - 0 . 36 6 I 0 . 0649 0.4487 0 . 4156 0 .4 047 0 . 5182 0.0042 -0.0116 -0.0346 
3 l C o . 246 4 -0. 6169 0.0042 -0. 1057 -0 . 1525 0 . 0 10 I -0 . 0655 -0.6400 -0 . 0380 -0.0267 
3 I D 0.3492 -0.8148 -0.0614 -0. 2010 -0 . 0396 -0.0743 -0 . 0477 o. 2443 0 . 0107 0.0015 
3 l E o. 35 12 - 0 . 8089 -0 . 0603 -0. 1979 -0 . 047 3 -0.0916 -0.0736 o. 2582 0 . 0204 o. 0061 
3 I I A -0. 3977 0 . 0 398 0 . 0665 0 . 0 39 5 -0. 3911 0 . 27 38 0.0208 0.0469 -0.1772 0.0420 
3 I l B -0.4450 0.0792 -0 .5 300 r0 . 0063 o. 1280 -0. 1255 -0.0019 -0 . 0366 0. 2 26 7 -0.0249 
3 l I C -0 .4 515 0. 046 I -0.5513 0.0103 0 . 1344 -0. 1459 0.0139 -0.0421 0. 27 4 3 -0. 0281 
3 l I D -0. 3605 0 . 0816 -0.5058 0 . 0096 o. 1850 -0 . 177 I -0. 0137 -0.0 141 -0. 4049 -0.0051 
3 11 E -0. 47 28 0 . 0780 - 0. 3 36 2 -0. 0297 -0. 1573 0. 1556 0.0038 0 . 06 2 2 -0. 1590 0. 0 311 
3 11 I A 0.5990 0 . 4049 -0.0675 0.0095 -0 . 1702 -0. 2210 0 . 2685 -0.0034 0.0859 0. 06 37 
3 1 I I B 0 . 5011 0.3496 -0 . 0116 0 . 0840 -0. 3166 -0 . 3010 0. 365 I 0.0128 -0.0494 o. 16 7 2 
3 11 I C 0 . 4819 o.4015 -0. 0302 -0 . 2 26 6 0 . 2107 0. 28 5 8 -0. 2505 0 . 005 2 -0. 1000 0 . 20 29 
3 I I I 0 0 . 575 3 0.4067 -0. 1026 -0. 2174 0 . 2300 o. 2404 -0 . 1925 -0. 0250 0. 115 2 0 . 1187 
3 111 E 0.4956 0 . 4161 0.0579 -0.0768 -0. 0656 . 0 . 0505 -0.0431 0 . 0 3 25 -0. 0237 -0.5544 
3 IV A -0.4435 0. 09 26 0. 0590 -0. 0443 -0 . 2602 0 . 2 3 38 -0 . 0247 0 . 08 2 3 0 . 06 7 2 -0.0925 
3 IV B -0. 4434 0 . 06 10 0 . 4 36 5 -0 . 0822 -0 . 0189 o.0132 0 . 0106 o. 0035 0 . IO 35 0 . 0470 
3 IV C -0. 3932 0 . 0 29 1 0 . 4034 -0.0567 -0. 1247 0 . 120 2 0. 0 2 38 -0 . 0144 0 . 1917 0.0754 
3 IV 0 -0. 2442 0 . 0791 0 . 5 28 5 -0.0944 0 . 35 35 -0. 3433 -0 . 0172 -0 . 0072 -0 . 1096 -0 . 0505 
3 l V E -0.3517 0. 06 9 3 0 . 5452 -0 . 0814 0 . 16 49 -0. 1881 -0 . 0054 -0.0062 -0.0515 0 . 0 25 2 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE 11 12 13 14 15 16 17 18 19 
% VARIANCE 2. 09 46 1.8179 I. 7589 I. 4699 I. 1997 0.9537 0. 7 317 0 . 2596 0 . 0000 
SAMPLE 3 I A 0.0155 0 . 0204 -0.0043 0 . 006 5 0.0009 0 . 0132 0. 00 26 -0 . 0016 -0 . 0033 
3 I B 0 . 0150 -0. 0103 0.0008 -0.0088 -0.0084 0 . 0028 o. 0024 -0.0025 0. 0 0 39 
3 l C 0. 046 I -0.0016 -0. 0122 -0.0035 -0.0090 o . 0048 0. 0025 -0.0018 0 . 0021 
3 l D -0.0154 -0.0013 o. 0024 -0.0045 0.0018 -0 . 0008 0.0019 0.0031 - 0 . 14 I 2 
3 I E -0.0129 0 . 0053 0. 006 I -0 .0001 -0 . 0025 0.0059 o. 0009 -0 . 0033 0 . 1388 
3 l l A -0.2518 -0.1593 -0. 1075 -0. 1226 0 . 1316 -0. 1527 0 .01 07 0. 0 37 I o. 0034 
3 l l 8 -0 . 0498 -0. 0977 0.0403 -0 . 0628 -0.0037 -0 . 0416 0 . 2 36 5 -0. 1226 -0.0008 
3 11 C 0.0011 -0.0989 0.0069 -0. 0603 0.0500 -0 . 0104 -0. 2238 0. 1114 0.0005 
3 11 D -0. 187 2 0 . 1458 0. 0611 0 . 10 29 -0 . 1530 0.0053 -0 .0 006 0.0466 0.0003 
3 l l E 0 . 28 4 3 o . 1246 -0.0510 0. 0 37 1 0 . 2213 0 . 15 25 -0. 0255 -0.0882 -0.0010 
3 l l l A 0.0087 0 . 3329 -0.1138 -0. 1925 -0.0068 -0 . 0894 0 . 0 06 2 0.0058 0 . 0000 
3 l l l 8 0 .0490 -0.2626 0.0939 0. 15 46 -0 . 0251 o. 07 31 0 .0007 -0.0016 -0.0002 
3 l l l C 0. 129 8 -0.0746 0 . 2358 -0.2062 -0 . 037 2 -0. 0199 -0. 0043 0 . 0201 0.0001 
3 l I l 0 -0.1352 -0.0073 -0 . 2566 0. 2 39 8 0 . 0 268 0.0145 -0.0024 -0.0127 -0.0005 
3 11 I E -0. 0602 -0.0310 0.0849 -0.0067 0 . 0 4 29 0 .0545 -0 . 0083 -0.0090 0 . 0003 
3 IV A 0. 26 9 2 -0.0130 -0.0931 0.0748 -0.2982 -0 . 1003 -0 . 0003 0 . 0198 -0 . 0005 ...... 
3 IV B -0 . 0782 0.0432 -0 . 0359 -0 . 0792 -0 . 0313 0. 25 7 9 0 . 118 3 0. 16 25 -0.0001 
<.n 
O'I 
3 IV C -0.1363 o. 1990 0.2880 0. 1897 0.0566 -0 . 0747 -0.0 424 -0. 0451 -0 . 0016 
3 IV 0 o. 2037 -0. 0437 -0.04 89 0. 07 26 o. 146 7 -0. 1681 0. 05 9 2 0. 07 4 l 0.0016 
3 IVE -0 . 0956 -0.0698 -0. 0971 -0. 1308 -0 . 1034 0. 07 36 -0 .1 341 -0 . 1920 -0.0018 
PRINCIPAL CO -ORDINATE 
NUMBER OF CO -ORDINATE 1 2 3 4 5 6 7 B 9 10 
% VARIANCE 15. 45 1 3 12 . 2137 9 . 7 800 9. 4 17 1 7 . 0032 5. 5 2 20 4.9976 4 . 7 35 4 4. 15 17 3.9160 
SAMPLE 11 I A -0.0029 0 . 5095 0 . 0090 0.5609 -0 . 0768 -0.0729 0. 206 4 -0 . 0998 0. 1141 0. 2 2 39 
1 1 I B -0. 2094 o. 3468 -0.0024 -0.0038 0. 28 27 0 . 248 4 0 . 2217 o . 16 7 2 0. 124 8 -0. 3661 
11 I C -0. 2778 0. 3 126 -0. 1844 -0 . 5692 0.3011 -0. 187 1 0 . 26 5 3 0 . 1986 -0.0503 0. 24 4 3 
11 1 D -0 . 3461 0.4488 -0.3092 -0.4438 -0. 2460 0. 17 90 -0 . 3371 -0. 2610 -0 . 0460 -0. 0261 
11 I E -0. 1294 0.5505 0.0428 0. 414 4 -0.0528 -0 . 0096 -0 . 3 176 0 . 1481 -0.0803 0.0547 
11 II A 0 . 19 20 -0.0546 0 . 2 37 0 0.0196 0. 1080 0.3980 -0 . 0299 o. 1366 0.0646 -0 . 0162 
11 1 I B 0.5070 0.0189 -0. 3181 I -0.0648 -0. 1960 -0. 1400 0. 16 48 -0. 0445 -0 . 0447 -0 . 117 0 
1 1 I I C 0 . 39 7 0 0 . 0239 -0 . 1335 0 . 1124 -0. 2238 o. 135 7 0 . 316 7 -0 . 0137 -0.4049 -0.039 3 
11 1 I D 0. 2456 -0.0840 0. 39 48 -0. 0821 -0. 0250 0. 17 29 0 . 1134 -0. 3007 0. 216 4 0 . 1398 
11 I I E o. 4120 -0 . 1584 -0.0076 -0 . 2738 -0.0807 0. 2 38 5 -0 . 0186 -0 . 0212 0.1172 0.0780 
11 I I I A -0 . 17 9 1 0.0985 0 . 4707 -0 .0519 0. 077 5 -0. 3058 0 . 0411 -0. 37 32 -0.0862 -0 . 139 1 
11 I I I fl 0 . 4814 0.0189 -0. 1844 -0. 0295 0. 0516 -0.2457 - 0. 17 11 0 . 0 25 4 o. 3989 -0.0693 
11 I I I C 0.2010 -0.0975 0. 2196 0.0614 0. 1821 0. 08 36 -0. 2489 0 . 26 30 -0. 15 15 0.0494 
11 1 I I D 0.4320 -0. 1342 -0. 1802 0. 007 2 0. 06 26 -0. 3114 -0. 1703 0 . 08 77 -0. 1007 -0. 1266 
11 I I I E 0 . 0145 -0. 1787 0.3774 -0. 1450 0. 2132 -0 . 1385 -0.0822 0 . 0333 -0. 1608 0. 214 2 
11 IV A -0 . 4606 -0.2930 -0 . 0257 0. 16 34 -0.0450 -0 . 16 37 0. 136 4 0. 13 32 o. 1919 -0.0774 
11 IV B -0.1726 -0.4088 -0. 3548 0. 28 7 4 0. 3045 0.0984 -0 . 0814 -0. 2300 -0. 1088 0 . 08 35 
1 1 IV C -0. 3593 -0. 3140 0.0178 -0.0309 -0.5669 -0.0147 0. 0 27 0 0. 2 28 7 0. 08 27 0 . 2012 
11 IV D -0. 3290 -0. 1930 0 . 3 17 8 -0.0714 -0. 2440 -0 . 06 22 -0 . 0309 0.0492 -0.0904 · - 0.3120 
1 1 IVE -0 . 4163 -0 . 4124 -0 . 3864 o. 1396 0. 17 37 0. 09 7 2 -0.0050 -0. 1269 o .014 0 0.0001 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE 11 12 1 3 14 15 16 17 18 19 
% VARIANCE 3. 3052 2. 9854 2.8440 2. 4054 2.2012 1. 9760 I. 9507 I. 5289 -0.0000 
SAMPLE 11 I A -0. 1683 0.0196 0.0338 -0.2092 0. 135 4 0.0191 -0. 16 32 -0 . 0027 -0.0047 
11 I B -0 . 0078 -0.0070 -0. 0965 -0.0973 0. 0217 -0. 2220 0. 1000 0 . 0969 0.015 5 
11 1 C -0.0591 -0 . 0588 -0.0731 0. 068 3 -0 . 0162 0 . 158 2 o.015 7 -0.0626 0.0301 
11 I D 0.0001 0.0816 0. 139 3 -0 . 142 3 -0 . 0722 -0. 0514 -0.0484 -0. 0361 0.0077 
11 1 E 0.0402 0.0328 -0 . 0656 0 . 3331 -0 . 0145 0. 0476 o. 15 24 0 . 0422 -0 . 0425 
11 I I A 0 . 1160 0 . 0430 -0. 1215 0 . 0 26 1 -0 . 1790 0. 11 32 -0 . 2517 -0. 1461 - 0. 1382 
11 I I B 0 . 0428 0. 0 389 -0.0089 0. 26 5 3 0 . 1114 -0. 2156 -0. 118 3 -0. 2009 0.0545 
11 I I C 0.0878 -0. 1140 0. 16 34 -0.0597 - 0 . 16 7 I 0.0965 0.0937 0. 117 I -0.0301 
11 I I D -0 . 169 3 o . 1149 -0. 0198 0 . 12 31 -0. 16 79 -0.0016 0. 1309 0 . 0121 o. 19 80 
11 I I E 0 . 0 36 8 o. 104 2 0.0049 -0.0043 0. 36 7 9 0. 1106 o. 1223 0 . 0908 - 0. 14 38 
11 I I I A o. 3611 -0 . 0589 -0 . 1411 -0 . 0424 0 . 0681 0. 05 30 -0. 0077 -0. 0068 -0.0215 
11 I I I B 0 . 0345 -0 . 3492 o. 1166 -0.0349 -0. 1244 0. 0 37 9 o.014 3 0 . 0600 -0.0460 
11 I 1 I C o. 1306 -0 . 0800 o. 1493 -0. 1439 0 . 138 2 0.0034 -0. 0 114 -0. 0882 0. 26 7 4 
11 I I I D -0.1377 o. 34 31 -0. 2322 -0. 1694 -0 . 0948 0.0618 -0.0102 o. 0909 0. 0 2 26 
11 I I I E -0 . 1175 o.016 7 0 . (6 79 0.0349 -0.0407 -0. 2919 -0.0650 o. 1161 -0. 1609 I-' 
11 IV A 0 . 14 20 0 . 29 39 0. 3196 -0.0055 -0 . 0564 0.0584 0.0902 -0. 1165 -0.0482 (J1 
11 IV B -0. 1093 -0. 136 5 -0. 1209 -0 . 0812 -0 . 0016 -0.0412 0. 17 07 -0. 2130 -0 .0759 '-.l 
1 l JV C o. 1207 -0. 1070 -0. 2554 -0.0979 -0. 0384 -0. 1280 0. 0 36 7 0 . 0 331 o. 0246 
11 IV D -0.4102 -0. 1646 0 . 0324 0.0618 0. 086 3 0 . 1355 -0.0518 -0.0460 -0. 0127 
11 IV E 0.0667 -0 .0127 0.0079 o. 17 5 4 0 . 0442 0.0565 -0. 1991 0. 25 9 7 0. I 041 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE I 2 3 4 5 6 7 8 9 JO 
% VARIANCE 22 . 0443 16. 219 2 10. 8326 9 . 0 3 34 7 . 6021 5. 6 140 5. 209 5 4. 4091 3. 0 28 4 2. 9422 
SAMPLE 4 I A o. 16 7 5 -0 . 7002 0. 2 398 -0. 17 15 0 . 119 2 -0 . 5944 0. 14 79 -0 . 16 39 0.0122 -0 . 2612 
4 I B 0 . 29 6 4 0. 008 3 0 . 0291 0. 7 38 5 - 0 . 12 31 -0.0584 0.0805 -0 . 0041 0.0289 0 . 0299 
4 I C 0 . 27 5 7 0. 05 3 3 -0 . 0090 0. 7 111 -0. 0361 -0 . 0934 0 . 0821 o. 108 7 -0.0032 0 . 0043 
4 I D 0. 2108 -0. 7626 o. 3162 -0.1374 0 . 16 44 o. 0512 0.0068 0 . 109 2 -0.0056 0 . 4927 
4 I E 0. 26 7 4 -0.5913 0.2542 0.0140 0.0890 0.6037 -0.0924 o. 13 39 o.0131 -0 . 3272 
4 11 A o. 34 28 0. 34 48 -0.0464 -0. 1564 o . 1414 -0. 1246 -0. 1995 0 . 28 38 - 0.0455 0 . 0202 
4 I I B 0 . 5389 0. 36 4 7 -0.0536 ,0 . 2143 0 . 0308 -0 . 0895 -0.0055 0. 25 37 0.0008 -0 . 0323 
4 11 C 0 . 5904 0.2489 -0 . 0019 -0 . 1301 -0 . 0750 o. 1468 0 . 0281 -0.4255 -0.0070 0.0509 
4 I I D 0.4898 o. 3311 -0.0559 -0. 2485 0 . 0 25 0 -0 . 0740 0.0196 0 . 2174 0.0320 -0.0616 
4 I I E 0.5949 0 . 277 8 -0.0109 -0. 1289 -0 . 0694 o. 1180 0.0372 -0. 3836 0 . 0016 0 . 0548 
4 I I I A -0. 3933 0 . 0260 -0 . 2317 0. 115 I o. 4606 o. 0007 -0.2518 -0. 1869 -0 . 0176 -0 . 0133 
4 I I I B -0 . 3418 0. 1048 -0. 2129 0.0570 0. 4 36 9 -0 . 0331 -0. 2651 -0 . 0453 0.0228 -0 . 0050 
4 111 C -0.5301 0 . 1202 0. 140 I 0. 05 15 0. 1254 0. 0 I 07 -0. 1062 -0.0766 -0. 2080 0.0050 
4 I I I D -0. 1145 -0 . 4048 -0 . 6768 -0 . 0953 -0.4252 0.0072 0 . 0015 0.0407 -0.4175 -0 . 0018 
4 I I I E -0 . 2196 -0. 3027 -0.6795 -0.0788 -0.1817 0.0193 -0.0142 0 . 0 2 27 0.4554 0 . 0324 
4 IV A -0.4650 0. 1879 0.0582 -0 . 1274 0 . 0 27 9 0.0902 0 . 4 3 28 0. 05 21 0 . 015 7 -0.0120 
4 IV B -0.4228 0 . 1041 0. 3886 -0.0464 -0 . 4405 -0 . 0593 -0 . 2851 -0.0223 0 . 0763 -0.0041 
4 IV C -0 . 4151 o. 1449 0. 388 3 -0.0593 -0. 4233 -0 . 0509 -0 . 2286 0. 00 29 0. 06 5 2 0 . 0017 
4 IV D -0. 5294 0. 1554 0 . 0467 -0 . 0640 0 . 06 2 2 0 . I 04 I 0 . 4194 -0 . 0172 0.0354 -0.0022 
4 IV E -0. 3431 0 . 28 9 5 0 . 117 4 -0 . 0289 0. 09 14 0 . 0254 o. 19 25 0 . I 00 I -0.0550 0. 0 28 7 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE 11 I 2 13 14 15 16 I 7 18 19 
% VARIANCE 2 . 2 215 1.8189 I. 6 7 8 7 1.5751 0 . 8787 0.8496 0 . 7 110 0.6483 0.0000 
SAMPLE 4 I A -0.0498 -0.0087 -0.0093 0 . 0115 -0 . 0034 -0 . 0021 -0.0010 0.0007 0.0022 
4 I B -0 . 0320 -0.0527 - 0. 197 I -0. 2715 0 . 0 34 1 -0.0081 -0 . 0437 0 . 0199 0 . 009 3 
4 I C 0. 05 7 3 0.0502 0 . 2119 0. 26 4 9 -0.0140 0.0123 0 . 0595 -0 . 0222 -0. 0 114 
4 I D 0. 05 29 0.0022 0.0047 0.0006 o. 0023 -0 . 0005 -0 . 0005 0 . 0017 0 . 0001 
4 I E -0 . 0344 -0 . 0087 -0 . 0044 0. 0 06 4 -0 . 0062 -0.0049 -0 . 0023 -0.0038 0.0015 
4 I I A -0 . 3750 -0 . 0787 0 . 0818 -0. 1065 -0. 0497 0 . 0 29 0 0 . I 080 -0.0582 -0.0580 
4 I I B 0. 07 0 2 0 . 0482 0. 1494 -0.0348 0. 0 06 2 -0 . 0528 -0 . 2180 0 . 1051 0.0610 
4 I I C -0.0674 -0.0214 o.0166 0. 0356 0 . 0250 0. I 364 0 . 06 2 2 0. 17 15 -0 . 0260 
4 I l D 0 . 35 7 6 0 . 1236 -0 . 2029 0. 006 2 0. 0 27 2 0 . 0443 0 . 1134 -0.0438 -0.0479 
4 I I E -0. 0284 -0.0051 0 . 0029 o. 0314 -0.0070 - 0 . 1411 -0.0462 -0 . 19 14 0 . 0307 
4 I I I A o . 17 84 o . 0374 0 . 08 3 2 -0. 119 2 -0 . 2776 -0 . 0072 0. 0 3 29 0.0156 0 . 0402 
4 11 I B 0.0555 -0 . 2708 -0 . 0642 0. I 030 o. 26 31 -0.0200 -0 . 0377 0 . 0058 -0 . 0213 
4 111 C -0 . 1259 0 . 4208 -0. 0259 -0 . 0124 0 . 1618 o.0124 -0. 0268 -0 . 0085 -0.0062 
4 11 I D 0 . 0395 -0.0814 -0 . 0051 0 . 00 27 -0.0147 -0 . 0048 -0.0001 0.0000 -0.0054 
4 I I I E -0 . 1180 o . 1381 -0 . 0249 0. 0 28 7 o . 0118 0 . 0050 -0.0049 0.0011 o.0120 
4 IV A 0 . 037 I -0.0764 0 . 134 7 -0. 1148 o. 1207 0.0130 o. 116 7 -0.0138 o. 16 20 I-' u, 
4 IV B 0 . 08 3 2 -0 . 0836 0 . 05 26 -0.0120 -0 . 0246 o. 194 3 -0.0851 -0.0949 o. 0241 CX) 
4 IV C 0.0312 -0.0317 -0.0016 0.0141 -0 . 0154 -0 . 2142 0.0963 0 . I 039 -0 . 0280 
4 IV D 0 . 035 0 -0.0467 0.0707 -0.0481 -0 . 0527 -0.0049 -0.0754 -0.0133 -0. 2185 
4 IV E -0 . 1669 -0 . 0547 -0 . 2730 o . 2144 -0 . 1870 0.0140 -0.0472 0.0245 0.0797 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE I 2 3 4 5 6 7 B 9 10 
% VARIANCE 21.4115 13. 0314 10.8030 8 . 4308 7. 3541 6.0733 4.3080 4 . 1546 3. 88 30 3 . 4479 
SAMPLE CLY I A 0 . 30 3 7 0.0347 -0.0498 -0.0347 -0. 2054 0 . 1696 0. 1976 -0 . 1177 0 . 1610 -0 . 0188 
CLY I B -0. 1688 -0.0632 -0 . 1968 -0 . 0735 -0.0380 0. 0916 0. 1133 0.0470 0.0547 0 . I 021 
CLY I C -0. 2070 0 . 0 26 5 0 . 3417 -0.0959 -0 . 0356 -0 . 1402 0 . 0914 -0 . 0542 0 . 16 33 -0. 1493 
CLY I D -0 . 2681 -0. 1598 0 . 0700 -0 . 0534 -0 . 0808 0 . 0504 -0 . 0097 0 . 2077 0 . 1188 -0.0134 
CLY I E -0 . 0567 -0.0076 -0 . 0448 -0 . 2458 -0.0753 0 . 0672 o . l 06 2 0 . 25 5 8 -0 . 1222 0 . 04 12 
CLY 11 A 0. 38 3 4 -0. 2246 -0.0444 -0 . 1826 0 . 014 7 0.0146 -0 . 2646 0 . 0443 0 . 0523 -0.0682 
CLY 11 B -0 . 1803 -0 . 1221 -0. 3157 -o . 0109 o. 15 40 0. 0 213 0 . 0424 -0 . 0279 0 . 0 25 7 -0. 0775 
CLY 11 C 0 . 16 76 -0.0094 0 . 0 26 4 - 0. 115 5 0 . 17 50 0 . 0068 0 . 1284 -0 . 1765 -0 . 2196 -0.0242 
CLY I I D -0 . 4021 -0. 1508 o. 15 21 0. 1807 o. 0219 o. 1895 -0. 0697 -0. 1040 0.0303 -0 . 168 I 
CLY I I E - 0.0195 -0.0004 -0.0440 -0. 2222 0.0042 -0 . 0363 o. 1124 -0 . 0898 -0 . 0712 0 . 018 7 
CLY I I I A -0. 2489 -0 . 1629 0 . 2584 0. 159 4 -0 . 0095 0. 2412 -0.0725 -0 . 0449 -0 . 1749 o. 1665 
CLY I I I B 0. 3818 -0. 1484 -0.0274 -0. 1256 0 . 0 304 0. 08 2 2 -0. 1874 -0 . 0402 0 . 0427 o. 0428 
CLY 111 C 0. 116 0 0.5605 o. 117 8 -0 . 0875 0 . 217 8 0 . 0846 -0.0701 0 . 0518 -0.0440 -0. 1302 
CLY 11 I D -0 . 1185 0 . 48 77 -0. 0411 o. 1395 0. 0 29 0 0.0565 -0.0620 0.0787 0. 085 2 0 . 136 3 
CLY 111 E 0 . 0864 -0. 1115 0 . 27 27 0.0004 0 . 2507 -0 . 2 38 I 0. 0 3 29 - 0. 0 38 3 o. 1361 0. 2 307 
CLY IV A o. 55 13 -0 . 1348 0.0396 0 . 4401 0 . 0578 -0 . 0392 0 . 1415 0. 17 5 4 -0. 047 2 -0 . 0889 
CLY IV 8 -0. 1549 -0.0135 0 . 119 I -0.0248 -0. 2236 -0. 3022 -0. 06 31 0 . 0643 -0. 1757 -0 . 0629 
CLY IV C 0 . 2189 0. 1876 -0 . 0168 0. 1000 -0 . 3849 -0 . 0410 -0 . 0634 -0. 1326 -0.0223 0.0667 
CLY IV D -0. 211 3 0 . 059 3 -0. 2903 0. 1221 -0 . 0417 -0 . 1707 -0 . 0715 -0 . 0701 0.0075 -0.0087 
CLY JV E -0. 1731 -0.0475 -0 . 3265 0. 130 3 o. 139 4 -0 . 1078 -0.0324 -0.0288 -0.0006 0. 005 3 
PRINCIPAL CO-ORDINATE 
NUMBER OF CO-ORDINATE 11 12 13 14 15 16 17 18 19 
% VARIANCE 2.4999 2. 1984 2.0507 1.8609 I. 6495 I. 5 2 30 I. 3 26 2 I. 046 I 0.0000 
SAMPLE CLY I A 0 . 1030 0.0945 0. 0 30 I 0 . 0 27 0 0. 0 5 36 -0 . 147 3 -0.0197 0 . 0233 0.0025 
CLY I B -0 . 0210 -0.0018 -0.0347 -0 . 0220 -0 . 0872 0 . 0323 0. 1569 -0.0912 -0. 1249 
CLY I C -0 . 0225 -0. 17 11 o. 1311 0.0192 o. 0 16 4 0 . 0408 -0.0109 -0 . 0638 -0.0151 
CLY I D -0. 0477 0.0964 0.0418 -0 . 1581 -0 . 1379 -0.0059 -0 . 0551 0 . 0608 0. 06 25 
CLY I E 0 . 0245 -0 . 1463 -0 . 0913 -0 . 0005 0 . 145 7 -0 . 0100 -0.0447 0. 0 28 9 0.0070 
CLY 11 A -0.0139 -0.0444 -0.0642 o. 1100 -0.0927 -0.0750 -0. 067 3 -0.0691 -0.0288 
CLY 11 B 0.0102 0 . 0922 -0.0063 0 . 0 26 5 0 . 0747 0 . 07 21 -0 . 0123 -0. 1389 o. 127 0 
CLY 11 C -0. 1985 -0 . 0137 0.0047 -0 . 1204 -0 . 0418 -0 . 0787 -0. 0415 -0 . 0195 -0 . 0068 
CLY II D -0 . 0700 0 . 0280 -0 . 1719 o . 0198 0 . 06 7 3 0 . 017 0 0 . 014 2 0. 07 I 7 -0 . 0464 
CLY 11 E 0 . 0140 o. 0411 0.0095 0 . 17 98 -0. 1110 0 . 1245 -0.0083 0 . 1266 0 . 0 2 29 
CLY 111 A 0 . 1286 -0. 0427 0. I 06 3 0 . 0462 -0.0312 - 0. 0 29 5 -0.0055 -0 . 0480 0 . 0 3 35 
CLY 111 B -0.0620 o . 008 3 0. 135 6 -0. 0718 0 . 128 2 0.0773 0. I 081 0.0744 0 . 0042 
CLY 111 C o . 1765 0 . 0381 -0 . 0279 -0 . 0615 -0 . 0413 0.0109 0.0498 -0.0047 -0.0012 
CLY 111 D -0. 2215 0 . 0287 0 . 0476 0 . I 08 3 0 . 0307 -0 . 0275 -0.0453 -0.0061 -0 . 0020 
CLY 11 I E 0.0579 0.0421 -0. 1307 -0.0213 0. 0 35 7 -0.0143 -0. 0001 0.0052 0 . 014 7 
CLY IV A -0 . 0199 -0 . 0280 o . 0115 0. 0 38 2 -0. 0317 0.0408 0.0288 0.0097 0.0038 
...... 
(J1 
CLY IV B -0 . 0002 o. 1865 0.0356 0. 0 368 0.0590 -0.0562 0.0532 -0. 0 26 7 -0.0330 I.O 
CLY IV C 0.0147 -0. 0389 -0 . 1006 -0. 097 3 -0.0209 0 . 127 I -0.0654 -0.0454 0 . 0176 
CLY IV D 0 . 0 27 0 -0 . 1639 -0.0196 -0 . 0097 -0.0461 -0 . 1169 0 . I 069 0 . 0700 0 . 08 27 
CLY IVE o . 1210 -0.0051 0.0933 -0.0493 0 . 0307 0.0185 -0. 1418 0 . 04 29 -0. 1204 
160 
APPENDIX 5 
MEASURES OF NEMATODE DENSITY 
Tables A5.l, A5.2 and A5.3 show the results of Principal 
Co-ordinate Analysis for species density data from the Hunter River 
sites expressed as number of animals per cm2, number of animals per gram 
wet weight of the sediment and number of animals per sample respectively. 
The units for density, as well as the omission of the two south 
coast estuaries have little effect on the main results of the analysis. 
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Principal Co-ordinate Analysis of data from the HUnter River expressed by the number 
of animals per gram wet weight of sediment 
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E,rincjpal Co-ordinate Analysi~ of data from the Hunter River expressed by the number of animals 
per sample 
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KEY TO SAMPLES IN APPENDIX 5 
---- ·- -- --·--
SAMPLE No's SITE 
i-20 6 
21-40 10 
41-60 8 
61-80 11 
81-100 2 
101-120 3 
121-140 4 
In all cases the origin of the samples within 
a site were in the following order: 
time I, A to E; 
time II, A to~E; 
time III, A to E; 
time IV, A to E. 
Thus sample number 21 is 10 I A,sample 22 is 
10 I Band sample number 36 is 10 IV A etc .. 
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